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FOREWORD 

The  title  of  this  pubUcation  "The  Journal  of  Urology, 
experimental,  medical  and  surgical"  expresses  briefly  the  aims, 
hoj)es  and  ambitions  of  the  editors. 

Recent  years  have  been  very  proUfic  in  the  productic«i  of 
splendid  papers  on  the  urinary  tract,  its  adnexa,  and  correlated 
subjects.  ]\Iany  of  those  from  the  departments  of  physiology, 
pharmacology,  chemistry,  pathology  and  bacteriology  have 
been  scattered  through  the  various  special  journals  on  those 
subjects.  The  embryological  and  anatomical  researches  have 
likewise  appeared  in  journals  devoted  to  those  fields.  Medical 
articles  on  the  kidney,  adrenals,  urine,  etc.,  and  the  many  dis- 
eases which  are  secondary  or  correlated,  and  surgical  papers  of  a 
similar  scope,  have  found  lodgement  in  dozens  of  diversified 
journals  all  over  the  country. 

The  situation  is  such  that  one  "who  is  interested  in  all  forms 
of  research  in  this  field,  anxious  to  keep  abreast  with  what  the 
internists  are  doing  along  these  lines  and  at  the  same  time  de- 
sirous of  following  the  progress  of  surgical  urology,  is  over- 
whelmed with  the  magnitude  of  the  task,  and  overlooks  or  fails 
to  discover  much  that  is  important.  The  medical  and  surgical 
urologists  have  much  in  common,  both  are  dependent  on  the  prog- 
ress made  in  experimental  researches,  and  all  concerned  could  be 
greatly  broadened  by  a  knowledge  of  what  each  is  doing.  A  real- 
ization of  another's  problems  is  often  a  fertile  source  of  sugges- 
tions for  subjects  of  research.  The  scientific  branches,  the  lab- 
oratory men,  are  often  greatly  aided  by  contact  with  the  difficul- 
ties of  the  cUnicians,  and  the  latter  often  point  out  imsuspected 
uses  of  great  value  for  apparently  sterile  discoveries. 

The  diseases  encountered  by  the  surgical  urologist  are  most 
oft^n  closely  intert'W'ined  ^dth  compHcating  or  secondary  lesions 
in  which  the  internist's  help  is  required — and  the  more  each  of 
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these  varied  interests  can  know  about  the  other  the  better  it 
should  be  for  all. 

It  is  therefore  evident  that  some  common  meeting  place  is 
extremely  desirable — some  medium  in  which  all  types  of  papers 
upon  the  field  of  common  interest  may  appear — archives  of 
Urology — historical,  embryological,  anatomical,  biochemical, 
pharmacological,  pathological,  bacteriological,  surgical  and  medi- 
cal, experimental  and  clinical. 

Such  is  what  we  hope  to  accomplish  in  The  Journal  op 
Urology,  and  we  bespeak  for  it  the  support  and  active  assist- 
ance of  all  who  come  within  the  wide  scope  of  its  work. 

Realizing  that  authors  may  often  desire  to  publish  their  work 
also  in  one  of  the  more  special  journals,  we  will  be  glad  to  allow 
this  if  made  simultaneously.  Wishing  to  stimulate  investiga- 
tion, we  are  fortunate  in  being  able  to  make  use  of  the  generosity 
of  a  friend  in  the  shape  of  a  "Research  Fund,"  which  will  be 
utilized  to  assist  worthy  authors  of  the  most  meritorious  re- 
search papers,  to  be  decided  by  a  special  editorial  committee. 

Hugh  Hampton  Young. 


STUDIES  ON  THE  GROWTH  OF  CELLS 

THE  CULTIVATION  OF  BLADDER  AXD  PROSTATIC  TUMORS 
OUTSIDE  THE  BODY 

MONTROSE  T.  BURROWS,  J.  EDWARD  BURNS  and  YOSHIO  SUZUKI 

From  the  Department  of  Pathology  and  the  James  Buchanan  Brady  Urological 

Institute,  Department  of  Urology,  The  Johns  Hopkins  University, 

Baltimore,  Maryland 

Although  numerous  workers  have  attempted  to  cultivate  human 
tumors  from  different  parts  of  the  body,  the  cultivation  of  blad- 
der and  prostatic  tumors  has  not  been  undertaken  up  to  the 
present  time.  Cellular  acti\'ity  has  been  observed  in  but  a 
limited  number  of  the  cultures  of  human  tumors  which  have  been 
tested  and  those  which  have  been  observed  to  grow  have  shown 
few  pecuUarities  which  have  aided  in  a  better  understanding  of 
the  conditions  which  initiate  or  regulate  the  growth  of  these  cells. 

During  the  last  few  months  we  have  studied  the  cultures  of 
twelve  tumors  of  the  bladder  and  the  prostate.  The  method 
used  consisted  in  brief  in  placing  small  fragments  of  the  tumor 
tissue  (1  nmi.  in  diameter)  in  a  layer  of  medimn  (0.5  mm.  in 
thickness)  on  the  surface  of  a  cover  glass,  inverting  over  this  a 
hollow  ground  slide,  and  sealing  it  in  place  with  vaseline  and 
paraffin.     The  culture  thus  prepared  were  incubated  at  37°C. 

The  media  used  have  been  plasma  prepared  from  the  blood  of 
the  patient  from  which  the  tmnor  was  removed,  plasma  from  the 
blood  of  normal  individuals  and  a  medium  consisting  of  agar, 
0.25  per  cent,  dissolved  in  isotonic  sodium  chloride,  or  isotonic 
sodium  chloride  and  ascitic  fluid.  No  difference  was  noted  in  the 
cellular  activity  in  the  cultures  whether  the  plasma  used  as  me- 
dium was  obtained  from  the  first  or  the  second  source  and  the  ac- 
tivity was  as  great  in  the  agar  media  as  in  the  plasma. 

Of  the  twelve  tumors  used  for  these  cultures  seven  were  cUn- 
ically  malignant  bladder  papillomata;  one,  a  benign  bladder 
tumor:  two  benign  hji^ertrophy  of  the  prostate  and  two  prostatic 
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tumors,  each  of  which  showed  one  portion  typically  benign  hyper- 
trophy, the  other  part  having  undergone  a  carcinomatous  change. 
Besides  these,  one  series  of  cultures  of  normal  bladder  epithelium 
was  also  tested.  Of  the  seven  malignant  bladder  tumors  culti- 
vated one  only  failed  to  show  cellular  activity  in  the  first  twenty 
hours.  This  tumor  had  been  removed  after  the  application  of  a 
strong  solution  of  cocaine.  The  cultures  of  the  benign  tumor,  on 
the  other  hand,  have  shown  no  cellular  activity  either  in  the  first 


Fig.  1.  A  Section  of  the  Benign  Polyp,  Fragments  of  Which  Were  Used 

FOR  Culture 


or  the  second  transplants.     The  general  structure  of  this  tumor  is 
illustrated  in  figure  1.     It  is  a  benign  polyp. 

All  of  the  cultures  of  the  bladder  tumors  were  infected  with 
bacteria.  However,  previous  to  the  time  that  the  bacteria  be- 
came very  numerous  the  tumor  cells  showed  activity  except  in 
the  two  instances  noted  above.  The  type  of  this  activity  is 
shown  in  the  case  of  Tumor  An  (fig.  2)  in  figures  3  and  4. 
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A  number  of  the  fragments  from  these  cultures  were  trans- 
planted at  the  end  of  twenty  hours  from  the  first  medium  into  a 
fresh  drop  of  the  same  medium.  The  plasma  clots  were  lique- 
fied in  the  original  cultures  and  the  transplants  very  soon  after 
they  were  incubated.  The  hquefaction  was  slightly  more  rapid 
in  the  original  cultures  than  in  the  transplants.  It  is  impossible 
to  say  to  what  extent  the  bacteria  aided  in  this  liquefaction. 


Fig.  2.  A  Section  of  the  Malignant  Bladder  Papilloma,   Fragments  of 
Which  Were  Used  for  Cultures 

This  Hquefaction  of  the  plasmatic  medium  was  noted  also  by 
Carrel  and  Burrows  (1)  in  cultures  of  human  tumors  and  normal 
human  tissues.  The  cells  failed  to  show  activitj'  in  a  large  num- 
ber of  instances.  It  was  thought  that  this  failure  was  the  result 
of  the  liquefaction  of  the.  clot  or  the  destruction  of  the  solid  me- 
dium necessary  for  the  activity  of  the  cells.  They  noted  a  moder- 
ate cellular  activity',  however,  in  a  few  of  the  cultures  of  a  giant 
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cell  sarcoma  of  bone.  The  media  had  also  undergone  liquefaction 
about  the  fragments  of  this  tumor.  This  in  itself  would  make  it 
seem  that  hquefaction  of  the  plasma  need  not  inhibit  the  activity 
of  the  cells. 


P'iG.  3.  A  Tip  of  a  Papilla  of  the  Malignant  Bladder  Papilloma  (Fig.  2) 

After  20  hours'  incubation  in  a  culture  medium  of  blood  plasma.  The  ped- 
icle of  the  papilla  is  shown  at  the  bottom  of  the  figure.  The  epithelial  mem- 
brane surrounds  the  papilla,  except  at  this  point. 


One  of  us,  Burrows,  during  the  last  few  years  has  again  studied 
a  number  of  human  tumors  as  well  as  a  number  of  normal  human 
tissues  at  the  General  Memorial  Hospital,  New  York  City  (2). 
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Fig.  4.  A  High  Power  Picture  of  a  Small  Area  of  the  Periphery  op 
THE  Zone  of  Cellular  Activity  Shown  ix  Figure  3 
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The  tumors  studied  included  a  number  of  lymphomata,  breast 
carcinomata,  sarcomata  of  bone,  malignant  tumors  of  the  ovary 
melanomata  and  a  glioma.  The  normal  tissues  studied  were  frag- 
ments of  connective  tissue  and  arteries  removed  from  normal  men 
at  operation  for  the  repair  of  hernia.  The  plasma  was  liquefied 
about  all  the  fragments  of  normal  tissue  which  were  studied  and  a 
number  of  the  fragments  of  the  tumors.  There  were,  however, 
certain  tumor  fragments  which  did  not  show  this  change.  These 
were  found  among  the  lymphomata  and  the  bone  sarcomata. 
One  ovarian  carcinoma  showed  this  change  to  very  limited  ex- 
tent. A  further  study  of  the  normal  tissue  fragments  has  shown 
however,  that  if  the  fragments  were  removed  from  the  first  me- 
dium at  the  end  of  the  twenty  or  twenty-four  hours  (incubating 
at  37°C.)  to  a  second  drop  of  plasma  that  they  no  longer  possessed 
this  property  of  liquefying  it  but  a  characteristic  and  often  an 
active  growth  of  connective  tissue  is  noted  about  them.  If  re- 
moved at  an  earlier  time  the  plasma  is  again  liquefied;  when  re- 
moved at  a  later  date  no  cellular  activity  is  observed. 

The  growth  of  the  cells  and  the  changes  in  the  medium  was 
similar  to  that  seen  in  the  cultures  of  connective  tissue  of  lower 
animals.  The  plasma  clots  undergo  contraction  with  the  forma- 
tion of  sheets  of  fibrin,  open  fibrin  networks  or  long  coarse  fibrin 
fibrillae  which  radiate  out  from  the  fragments  into  the  surround- 
ing medium.  The  cells  migrate  out  and  grow  along  these  fibrin 
formations.  By  the  use  of  this  method  of  replantation  it  was 
found  possible  to  cultivate  the  cells  of  ovarian  adenomata, 
several  sarcomata,  one  glioma  and  two  melanomata.  Whether 
the  tumor  cells  themselves  grew  from  the  fragments  of  the  mela- 
nomata could  not  be  determined.  The  cellular  activity  observed 
may  have  been  stroma  cell  activity.  Both  the  stroma  cells  and  the 
tumor  cells  grew  from  the  fragments  of  the  other  tumors.  All 
the  epithelial  tumors  failed,  however,  to  respond  by  this  method. 
The  plasma  was  liquefied  after  each  transplant  until  the  cells 
were  exhausted  and  dead. 

This  property  of  liquefying  the  plasma  as  shown  by  the  epi- 
thelial tumors  is  not,  however,  peculiar  to  them.  It  is  a  peculi- 
arity of  many  epithehal  tissues.     A  piece  of  frog  skin  liquefies 
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the  plasma  for  as  many  as  eight  transplants  or  until  the  cells  are 
dead'.  A  large  number  of  the  ectodermal  and  endodermal  tis- 
sues of  animals  have  shown  similar  properties.  The  liver  cells 
of  a  few  chick  embryos  have,  however,  shown  an  exception  to 
this  rule.  The  plasma  was  not  liquefied  in  the  second  trans- 
plant and  the  cells  grew  actively.  WTiether  certain  of  the  other 
glandular  tissues  might  not  show  the  same  peculiarities  has  not 
as  yet  been  determined. 

Maccabruni  (3)  studied  fragments  of  uterine  carcinomata  and 
noted  the  cells  to  grow  in  a  few  of  the  cultures  where  plasma 
prepared  from  the  blood  of  a  pregnant  woman  had  been  used 
as  medium.  His  success  he  assumed  to  be  due  to  the  particular 
selection  of  plasma.  Other  observers  (4)  working  with  Carrel 
have  in  later  studies  noted  cellular  acti^aty  in  a  number  of  cul- 
tures of  human  tissues  and  tumors.  In  these  instances  the  plasma 
had  not  undergone  a  rapid  Uquefaction.  They  note  differences  in 
different  plasmata  and  that  the  addition  of  Ringer's  solution  may 
prevent  liquefaction.  Burrows  planted  fragments  of  each  of  a 
number  of  the  tumors  which  he  had  studied  in  as  many  as  seven 
different  plasmata.  These  included  plasmata  prepared  from  the 
blood  of  normal  men,  normal  women,  women  in  the  early  and 
late  months  of  pregnancy  and  individuals  suffering  from  chronic 
syphilis  and  tuberculosis.  There  was  no  definite  and  sharp  rela- 
tion noted  between  the  growth  or  liquefaction  and  the  plasmata 
used.  The  number  of  experiments  was  small — too  small  to  de- 
termine this  point  fully.  In  a  few  instances  the  plasma  did  a.p- 
parently  kill  the  cells.  Thes^e  were  noted  in  cultures  where  the 
plasma  had  been  prepared  from  the  blood  of  patients  ill  with 
pneumonia.  The  cells  were  killed  apparently  after  a  few  hours 
in  these  plasmata;  there  was,  however,  no  liquefaction.  These 
observations  led  him  to  believe  that  a  large  number  of  the  varia- 
tions in  the  activity  of  human  tumors  and  normal  tissues  in  the 
plasma  cultures  is  to  be  ascribed  rather  to  variations  in  the  tis- 
sue fragments  than  variations  in  the  plasma  used. 

Other  general  observations  made  on  the  growth  of  normal 
tissues  would  also  tend  to  establish  this  A-iew  (5).  The  energy- 
producing  substances  for  the  growth  of  cells  in  the  culture  has  Twt 
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been  shown  to  come  from  the  medium.  The  tissue  culture  in 
this  regard  is  not  comparable  to  an  ordinary  culture  of  bacteria. 
These  substances,  on  the  other  hand,  are  probably  derived  from 
the  tissue  fragment  and  from  the  breaking  down  of  cells  contained 
within  it.  The  growth  observed  may  be  readily  defined,  there- 
fore, as  a  simple  transfer  of  materials  from  the  cells  within  the 
fragment  or  in  a  less  favorable  environment  to  those  on  the 
periphery.  Proof  for  this  belief  has  been  found  in  many  observa- 
tions. In  plasma  culture  growth  and  other  forms  of  activity  cease 
and  the  cells  are  exhausted  after  a  few  transplants.  The  sum 
total  of  the  growth  in  the  various  transplants  is  less  than  the 
original  mass  and  it  might  well  be  considered  as  the  original 
mass  minus  the  energy  of  transfer.  Again  cells  may  grow  ac- 
tively from  fragment  of  tissue  placed  in  a  medium  of  simple 
isotonic  sodium  chloride  or  Ringer's  solution  which  contains  nc 
energy-producing  substances. 

In  a  tissue  culture  an  isolated  cell  will  not  grow.  Isolated 
epithelial  cells,  lymphocytic  and  leucocytic  cells  show  very  little 
or  no  activity.  Connective  tissue  cells  show  movement.  When 
isolated  in  a  drop  of  liquid  plasma  they  round  off.  With  the  clot- 
ting of  the  plasma  and  after  a  variable  latent  period  they  are  seen 
to  send  out  processes,  assume  stellate  or  spindle-shapes.  They 
may  migrate  two  or  three  cell  lengths.  At  this  time  they  show 
vacuolation  and  exhaustion. 

The  growth  of  cells  is  seen  only  about  fragments  of  tissues. 
When  other  conditions  are  equal  this  growth  is  proportional  to 
the  size  of  the  fragments.  It  is  seen  to  take  place  actively  only 
when  the  fragments  are  compact  and  about  0.3  or  0.4  mm.  in 
diameter.  This  particular  relation  holds  when  the  fragments  are 
no  greater  than  1  mm.  in  diameter.  From  fragments  of  this  size 
the  growth  is  maximum  excepting  in  the  case  when  thin  slabs  are 
used. 

The  growth  of  connective  tissue  cells  is  again  influenced  in  the 
culture  by  the  presence  of  muscle  or  epithelial  cells  within  the 
fragrnent.  If  an  active  liquefaction  of  the  clot  does  not  pro- 
ceed and  prevent  in  a  great  measure  the  growth  of  the  cells  the 
growth  of  the  connective  tissue  is  most  extensive  about  frag- 
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ments  containing  these  cells.  These  more  highly  differentiated 
cells  break  dowTi  apparently  at  the  expense  of  the  connective  tis- 
sue cells. 

A  careful  study  of  these  cultures  by  serial  sections  after  a 
growth  of  cells  has  taken  place  has  shown  the  whole  mass  of 
cells  in  the  center  of  the  fragment  to  have  deteriorated.  In 
many  instances  they  have  become  reduced  to  mere  shadows. 

Other  studies  have  shown  that  the  actively  growing  embryonal 
tissues  grow  readily  in  hquid  media.  This  growth  takes  place, 
however,  only  when  the  fragments  are  brought  into  intimate 
contact  with  the  surface  of  the  medium  and  only  when  the  cul- 
ture medium  is  not  agitated.  Growth  is  most  active  when  cel- 
lular and  fragile  fragments  are  placed  in  a  small  drop  of  medium 
spread  in  a  very  thin  layer  over  the  surface  of  a  cover  glass. 
About  each  fragment,  according  to  its  content,  is  seen  either  a 
growth  of  mesenchjTne  cells  or  the  formation  of  membranes  or 
sheets  of  epithelial  cells. 

These  cells  do  not  move  out  directly  into  the  medium  but  along 
or  near  the  cover  glass  or  lower  free  surface  of  the  medium.  Pre- 
^'ious  to  this  growth,  however,  the  lower  surface  of  the  medium 
in  many  of  these  cultures  is  seen  to  change.  The  surface  becomes 
fixed  and  currents  cannot  be  set  up  easily. 

It  is  interesting  that  these  cells  do  not  grow  directly  in  con- 
tact with  the  cover  glass  nor  directly  in  contact  with  the  lower 
surface  of  the  medium,  but  always  in  a  plane  just  beneath  these 
surfaces.  If  the  same  cells  are  broken  loose  from  this  apparent 
plane  of  contact  and  immersed  in  the  liquid  they  round  off  and 
show  no  further  activity.  If  pushed  back  into  this  plane  the}' 
again  flatten  out  in  a  passive  fashion  and  may  show  active 
growth. 

These  observations  show  that  growth  takes  place  only  along 
one  plane  in  the  culture.  The  passive  flattening  of  the  cell  sug- 
gests that  a  surface  exists  here  and  this  surface  must  have  formed 
from  the  flowing  out  of  substances  from  the  fragment. 

Although  these  facts  had  clearly  showTi  that  a  change  had 
taken  place  at  the  surface  of  the  medium  and  they  indicated  that 
the  food  materials  probably  diffused  along  this  sm'face,  in  only 
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a  very  few  cultures  studied  could  one  see  that  a  definite  layer  of 
substance  existed  here.  The  refraction  of  the  substance  was 
quite  similar  to  that  of  the  underlying  medium. 

In  the  light  of  these  observations  a  study  of  the  bladder  tumors 
became  of  interest.  In  all  the  cultures  of  the  bladder  tumors, 
malignant  and  benign,  as  well  as  the  cultures  of  normal  bladder 
epithelium,  the  plasma  clots  underwent  liquefaction.  The  fail- 
ure of  the  growth  of  cells  from  the  fragments  of  the  benign  polyp 
and  normal  bladder  epithelium  is  not  necessarily  unique.  Al- 
though actively  growing  embryonal  tissues  are  seen  to  grow  in 
liquid  media  little  or  no  cellular  activity  has  ever  been  seen  about 
fragments  of  normal  adult  tissues  of  either  man  or  animals  in 
these  media.  On  the  other  hand,  many  of  these  tissues  grow 
readily  in  plasma  clots. 

The  growth  of  the  malignant  bladder  tumor  cells  in  these  cul- 
tures was  preceded  always  by  the  formation  of  a  definite  mem- 
brane over  the  surface  of  the  liquefied  medium.  In  these  cul- 
tures this  membrane  was  homogeneous  but  quite  easily  seen. 
It  contained  visible  granules;  it  was  very  tough.  The  surface 
that  it  covered  could  not  be  easily  disturbed  by  shaking.  It 
frequently  formed  over  the  lower  surface  of  the  medium  as 
well  as  near  the  cover  glass.  In  many  of  these  cultures  the 
layer  of  medium  was  thick.  It  was  along  the  surface  of  this 
membrane  that  the  cells  moved  out  apparently  from  the  frag- 
ment. In  these  cultures  as  in  the  cultures  of  embryo  chick  tis- 
sue, with  a  few  exceptions,  the  line  of  demarcation  of  this  sur- 
face zone  and  the  underlying  medium  was  not  made  out.  Small 
fragments  of  tumor  cells  floating  in  the  medium  coming  in  con- 
tact with  it  flatten  out. 

As  to  the  mechanism  of  the  formation  of  these  membranes  no 
direct  observations  have  been  made.  They  form  generally  very 
early  in  the  life  of  the  culture,  often  apparently  during  the  lique- 
faction of  the  medium. 

In  many  of  the  cultures  of  bladder  tumors  the  sheets  of  cells 
which  are  seen  about  the  fragments  form  by  a  simple  migration 
of  cells  from  the  fragment.  In  other  cultures  the  area  covered  by 
cells  is  very  large;  too  large  to  be  accounted  for  by  migration 
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alone.     Growth  here  must  have  taken  place  although  mitosis 
was  not  observed. 

Besides  these  cultures  of  fragments  of  bladder  tumors,  frag- 
ments were  also  taken  from  two  hypertrophied  prostates  which 
contained  areas  of  carcinomatous  change.  Membranes  formed 
and  the  cells  showed  movement  (fig.  6)  and  shght  evidences  of 


Fig.  5.  A  Section  of  the  Malignant  Portion  of  the  Prostatic  Tumor. 
Fragments  of  Which  Were  Used    for    Cultivation 


growth  about  fragments  taken  from  the  carcinomatous  portion 
of  one  of  the  prostatic  tumors  (fig.  5).  No  change  other  than 
liquefaction  was  noted  about  the  fragments  taken  from  the 
benign  portions.  Cultures  of  fragments  of  other  hj-pertrophied 
prostates  have  given  the  same  negative  results. 

It  was  interesting  in  the  case  of  the  other  hj-pertrophied  pros- 
tate showing  carcinomatous  change  that  no  activity  was  ob- 
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served  about  either  the  fragments  taken  from  the  carcinomatous 
or  benign  portions.  This  prostate  had  been  treated  with  radium 
for  four  months  previous  to  its  removal. 


Fig.  6.  Migrating  Malignant  Prostatic  Tumor  Cells  Obtained  from 

Tumor,  Figure  5 


SUMMARY 

These  observations  have  shown  facts  which  may  prove  impor- 
tant for  a  better  understanding  of  the  conditions  essential  for  the 
growth  of  body  cells  and  the  general  structure  of  these  cells.  In 
none  of  the  cultures  of  the  benign  tumors  was  any  cellular  ac- 
tivity noted;  on  the  other  hand,  all  of  the  cultures  of  the  malig- 
nant tumors  showed  marked  cellular  activity  excepting  the  two 
instances  above  mentioned.  This  activity  was  observed  in  a 
large  percentage  of  a  series  of  cultures  from  each  malignant  tumor 
and  occurred  in  some  of  them  as  early  as  five  hours  and  in  all 
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within  twenty  hours  after  their  preparation.  These  facts  indi- 
cate that  this  method  may  be  important  in  determining  the 
malignancy,  following  the  course  of  treatment  and  studying  the 
biological  properties  of  these  tumors. 
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DOUBLE  URETER  AND  KIDNEY,  WITH  CALCULOUS 
PYONEPHROSIS  OF  ONE  HALF;  CURE  BY  RESEC- 
TION. THE  EMBRYOLOGY  AND  SURGERY  OF 
DOUBLE   LTIETER  AND   KIDNEY 

HUGH  H.  YOUNG  and  EDWIN  G.  DAVIS 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

During  recent  years  we  have  had  in  our  clinic  several  cases  of 
double  kidney  and  ureter  in  which  one  portion  of  the  double 
kidney  was  diseased.  Only  one  of  these  cases  has  come  to  op- 
eration, and  a  careful  study  of  the  hterature  shows  that  although 
the  condition  is  not  very  rare,  its  recognition  and  cure  by  opera- 
tion is  extremely  rare.  In  fact,  we  can  find  no  satisfactory  re- 
port of  any  such  case,  and  on  this  account  it  seems  quite  timely 
to  report  in  fuU  the  following  case  in  which  a  large  branched 
calculus,  occupying  the  upper  haK  of  a  double  kidney,  was  recog- 
nized and  the  condition  cured  by  resection  of  the  upper  diseased 
half  of  the  kidney  with  its  special  pelvis  and  ureter.  Through 
the  kindness  of  Dr.  Frankhn  P.  Mall,  who  placed  at  our  disposal 
the  complete  series  of  embrj^os  of  the  Carnegie  Embryological 
Institute,  and  the  assistance  of  Dr.  George  L.  Streeter,  we  have 
been  able  to  study  the  early  embryology  of  the  ureter  and  to 
make  drawings  and  microphotographs  which  illustrate  the  de- 
velopment of  this  frequent  and  interesting  anomaly. 

Case  report 

History.  The  patient,  a  man  of  57,  was  admitted  on  April,  7,  1916, 
to  the  James  Buchanan  Brady  Urological  Institute,  complaining  of  a 
pain  in  the  left  flank.  The  pain  was  dull  and  aching  in  character,  was 
increased  by  exertion,  and  had  been  present,  with  exacerbations  and  re- 
missions, for  ten  years.  There  was  no  history  of  any  attack  resembling 
renal  colic.     He  complained  also  of  frequency  of  urination,  voiding 

17 


18  HUGH  H.   YOUNG  AND  EDWIN  G.   DAVIS 

about  every  two  hours  by  day  and  night.  Pain  in  the  back  together 
with  frequency  and  some  burning  on  urination  were  his  only  symptoms. 
The  patient  could  not  name  the  exact  date  of  onset  but  stated  that 
symptoms  had  been  present  for  at  least  ten  years,  during  a  great  part 
of  which  time  he  had  been  unable  to  work.  His  family  history  and 
past  history  were  unimportant. 

Examination.  The  general  physical  examination  was  practically 
negative.  The  patient  was  a  well-nourished,  middle-aged  man.  With 
the  exception  of  a  few  fine  crackling  r^les  audible  on  deep  inspiration 
over  the  posterior  base  of  each  lung,  no  abnormality  of  the  chest  or 
abdomen  was  made  out.  Neither  kidney  could  be  felt,  nor  was  there 
any  tenderness  in  either  kidney  region.  The  urine  showed  a  trace  of 
albumin  and  a  heavy  sediment  which  in  the  stained  specimen  was  seen 
to  be  made  up  of  pus  with  numerous  bacilU. 

X-ray.  Neither  renal  shadow  was  to  be  made  out  but  in  the  region 
of  the  upper  pole  of  the  left  kidney  was  seen  a  large  irregularly  branch- 
ing calculus,  as  shown  in  figure  1.  No  shadow  was  seen  in  the  region 
of  the  right  kidney  or  of  either  ureter. 

Cystoscopy  and  ureteral  catheterization.  There  was  no  residual  urine 
and  the  bladder  capacity  was  normal.  The  cystoscope,  which  was 
easily  inserted,  showed  a  bladder  mucosa  everywhere  somewhat  red- 
dened and  inflamed,  and  an  elevated  and  thickened  trigone.  There 
was  no  stone  or  diverticulum.  The  ureteral  catheters,  which  met  with 
no  obstruction,  were  passed  up  each  ureter  a  distance  of  15  cm.  The 
urine  obtained  from  the  right  catheter  was  macroscopically  clear  and 
the  centrifuged  specimen  showed  only  a  few  red  blood  cells,  while 
that  from  the  right  was  purulent.  Phenolsulphonephthalein  (6  mgm., 
injected  intravenously)  appeared  on  either  side  in  four  minutes,  the 
output  after  thirty  minutes  being  20  per  cent  from  the  right  side  and 
10  per  cent  from  the  left.  The  urea  concentration  in  the  urine  ex- 
creted by  the  right  kidney  was  twice  that  from  the  left. 

Pyelogram.  Thorium  solution  (15  per  cent),  prepared  according  to 
the  method  described  by  Burns  (1),  was  injected  by  the  gravity  method 
through  each  ureteral  catheter.  The  pyelogram  showed,  on  the  left 
side,  a  double  renal  pelvis  with  a  bifurcation  of  the  ureter  at  the  level 
of  the  third  lumbar  vertebra,  and  about  9  cm.  below  the  lower  pelvis 
(fig.  2).  The  upper  larger  pelvis  was  completely  filled  by  the  calculus 
mentioned  above.  The  lower  pelvis  was  slightly  smaller  than  normal 
and  the  calices  were  not  dilated.  The  pyelogram  on  the  right  side 
showed  a  normal  pelvis  with  the  exception  of  an  apparent  kink  at 
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the  uretero-pelvic  junction,  artificially  produced  by  the  uteteral 
catheter. 

Diagnosis.  Left  bifid  ureter  with  double  pelvis  and  kidney;  cal- 
culus in  upper  portion;  lower  portion  probably  normal.  Right  kidney 
normal. 

Operation.  Young.  April  14,  1916.  Under  nitrous-oxide,  oxygen 
and  ether  anesthesia,  the  left  kidney  was  exposed  through  an  oblique 
lumbar  incision.  The  lower  portion  of  the  kidney  was  found  to  be 
normal  in  appearance,  a  little  larger  than  a  half  of  a  normal  kidney, 
and  only  moderately  adherent  to  the  fatty  capsule.  The  ureter  coming 
from  the  lower  portion  or  segment  was  easily  exposed  and  was  found  to 
be  slightly  dilated  and  thickened.  The  upper  segment  of  the  kidney, 
which  was  exposed  with  some  difficulty  on  account  of  dense  adhesions 
to  the  fatty  capsule,  was  much  larger  than  the  lower,  was  nodular  and 
inflammatory,  and  through  the  thin  shell  of  renal  tissue  could  be  felt 
a  large,  irregularly  shaped  calculus,  almost  entirely  filling  the  interior. 
Demarcating  the  two  portions  of  the  kidney  was  a  slight  but  distinct 
furrow,  the  upper  and  lower  portions  of  the  kidney  being  quite  differ- 
ent in  appearance.  Figure  3  shows  the  kidney  exposed.  In  order  to 
avoid  the  danger  of  injury  to  the  vessels  of  the  lower  normal  portion, 
by  attempting  to  dissect  the  dense  fibrous  mass  which  constituted  the 
pedicle  and  which  surrounded  the  blood  supply  of  both  portions,  the 
operator  divided  and  hgated  only  a  small  portion  of  the  upper  part  of 
the  pedicle,  and  then  made  a  transverse  incision  through  the  kidney 
just  above  the  junction  of  the  two  segments,  not  cutting  into  the  nor- 
mal kidney  tissue  (fig.  4).  After  this  it  was  a  comparatively  simple 
matter  to  isolate  and  ligate  the  entire  blood  supply  to  the  upper  seg- 
ment. A  moderate  amount  of  bleeding  from  the  cut  surface  of  the 
remaining  kidney  tissue  was  effectually  controlled  by  placing  four 
mattress  sutures  of  catgut,  and  tying  while  the  edges  were  approxi- 
mated between  the  thirnib  and  forefinger,  as  shown  in  figure  5.  After 
division  and  ligation  of  its  ureter  about  0.5  cm.  above  the  point  of 
bifurcation,  the  upper  diseased  segment  was  removed,  leaving  in  situ  a 
normal  half  kidney  with  undisturbed  blood  supply,  pelvis  and  ureter. 
The  incision  was  closed  with  catgut  and  drained.  The  patient  stood 
the  operation  well. 

Pathology.  Examination  of  the  specimen  removed  showed  that  it 
consisted  of  a  mere  thin-walled  sac  of  fibrous  tissue,  microscopical 
sections  from  which  showed  a  complete  absence  of  kidney  tubules. 
Almost  entirely  filling  the  sac  was  a  large  branching  calculus  shown  in 
figure  6. 
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Post-operative  history.  The  immediate  convalescence  was  unevent- 
ful. On  the  twelfth  day  the  last  drain  was  removed,  leaving  a  small 
narrow  sinus  which  persisted,  with  a  scant  mucoid  discharge,  until  the 
thirty-fourth  day,  when  a  urinary  fistula  developed.  On  the  follow- 
ing day  the  patient's  temperature  rose  to  103"  and  remained  irregularly 
elevated  for  three  days,  then  returning  to  normal  and  remaining  so, 
the  urinary  drainage  ceasing  on  the  day  after  the  temperature  dropped. 
Two  weeks  later,  the  patient  was  discharged  from  the  hospital  with 
the  incision  entirely  healed  and  the  temperature  nomial.  Urine  ex- 
amination at  this  time  showed  still  a  trace  of  albumin  and  only  a  very 
few  pus  cells.  A  thorium  pyelogram  made  on  the  day  of  discharge 
showed,  on  the  left  side,  a  pelvis  slightly  smaller  than  normal  and  with 
normal  calices;  just  as  before  operation  (fig.  7).  The  stump  of  the 
excised  ureter  was  not  visible.  The  phenolsulphonephthalein  test 
showed  a  secretion  of  3  per  cent  from  the  left  side  in  half  an  hour,  and 
15  per  cent  from  the  right.  The  urine  from  the  right  side  was  clear, 
while  that  from  the  left  still  showed  a  few  pus  cells  and  bacilli. 

On  August  10,  four  months  after  operation,  the  patient  returned  for 
examination.  His  general  condition  was  excellent,  he  was  entirely 
relieved  from  symptoms,  and  able  to  resume  his  work.  Ureteral  cath- 
eterization done  at  this  time  showed  a  clear,  uninfected  urine  from 
each  kidney.  The  phenolsulphonephthalein  output  after  thirty 
minutes  was  20  per  cent  from  the  right  side  and  5  per  cent  from  the 
left. 

FREQUENCY  AND  SURGICAL  IMPORTANCE  OF  RENAL  ANOMALY 

Anomalies  of  the  kidney  and  ureter  occur  more  frequently 
than  is  generally  appreciated,  and  among  such  kidneys  a  rela- 
tively large  number  show  pathological  changes.  In  other  words, 
malformation  predisposes  to  disease.  Botez  (2)  demonstrated 
this  by  statistical  study.  Basing  his  calculations  upon  51,504 
autopsy  records,  he  found  the  frequency  of  horseshoe  kidney  to 
be  1  in  715,  while  in  a  series  of  1000  kidney  operations  the 
proportion  was  1  in  143,  a  percentage  five  times  as  great.  From 
this  he  concluded  that  ^  horseshoe  kindey  is  more  apt  to  become 
diseased  than  a  normal  kidney.  Robinson  (3),  among  fifty  col- 
lected specimens  of  duplicate  ureter,  found  that  hydroureter  (of 
one  ureter)  occurred  in  24  per  cent.     In  a  series  of  24  cases  of 
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explored  double  kidney  and  ureter,  to  be  cited  below,  the  patho- 
logical process  was  located  in  the  upper  kidney  segment  in  19 
instances.  Judging  from  this  uneven  percentage  it  is  fair  to 
assume  that  partial  obstruction  of  the  superior  ureter,  due  to 
its  position  with  respect  to  the  lower  kidney  segment  and  to  the 
kidney  pedicle,  had  been  an  important  factor  in  producing  dis- 
ease. Girard  (4),  among  44  cases  of  ectopic  kidney,  found  21 
hydronephroses.  An  idea  as  to  the  frequency  of  renal  anomah' 
may  be  obtained  from  the  studies  of  Naumann  (5),  who  found 
100  anomalous  kidneys  in  a  series  of  10,177  autopsies;  about  1 
per  cent.  This  series  included  only  gross  renal  anomaly,  such  as 
fused,  ectopic,  cystic,  atrophic  and  lobulated  kidney.  Anom- 
alies of  the  renal  vessels  are  very  much  more  frequent.  Papin 
(6),  in  examining  a  series  of  324  kidnej'^s,  found  64  (exactly  20 
per  cent)  in  which  there  were  at  least  two  renal  arteries.  If 
20  per  cent  of  all  kidneys  possess  anomalous  arteries,  the  per- 
centage of  individuals  with  anomalous  renal  arteries  must 
necessarily  be  still  higher.  For  a  splendid  review^  of  the  entire 
subject,  dealing  with  the  importance  and  the  frequency  of  the 
various  forms  of  renal  and  ureteral  malformation,  and  includ- 
ing an  extensive  bibliography,  the  reader  is  referred  to  the  com- 
plete work  and  Adrain  and  Lichtenberg  (7). 

Ureteral  dupUcation,  with  double  pelvis  and  kidney,  is  sur- 
prisingly common.  It  occurs  more  frequently  than  all  the  other 
forms  of  gross  renal  anomaly  taken  together.  Poirer  (8),  Wag- 
ner (9)  and  Bostroem  (10)  independently  concluded  that  3  per 
cent  of  all  individuals  have  double  or  bifid  ureter,  while  Robin- 
son found  six  instances  in  one  hundred  consecutive  autopsies. 
As  early  as  1878  Weigert  (11)  had  noted  the  frequency  of  this 
anomaly  and  stated  that  ''more  than  one  case"  occm-red  in 
every  himdred.  Four  cases  of  double  ureter,  out  of  165  dissec- 
tions, were  reported  by  Kerr  (12).  In  examining  60  hvmian  em- 
bryos, Pohlman  (13)  found  two  instances  of  double  ureter,  the 
embryos  being  13  and  24  mm.  in  length  respectively.  The 
condition  therefore  is  one  which  every  lu-ologist  is  certain  to 
encounter,  and  which  should  be  diagnosed  before  operation 
either  by  cystoscopy  or  pyelography,  in  many  of  the  cases. 
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EMBEYOLOGICAL   DEVELOPMENT 

In  considering  the  formation  of  double  ureter  it  is  of  interest 
to  review  briefly  the  facts  known  about  the  early  development  of 
the  ureter  and  kidney  from  the  Wolffian  duct.  It  will  be  re- 
membered that  during  the  embryological  development  of  the 
higher  vertebrates,  three  successive  types  of  excretory  organ 
(pronephros,  mesonephros  and  metanephros)  are  formed  in  the 
order  named,  the  first  two  being  provisional  or  temporary,  and 
the  third  becoming  the  permanent  kidney.  All  three  are  of 
mesodermal  origin,  being  derived  from  the  nephrotomes  or  primi- 
tive segment  stalks,  a  series  of  mesodermal  cell  masses  extending 
longitudinally  on  either  side  of  the  neural  canal,  and  lying  be- 
tween the  primitive  segments  and  the  lateral  mesodermal  plates. 
Considered  as  a  whole,  these  primitive  segment  stalks  make  up 
the  nephrogenic  cord,  the  parent  structure  of  aU  three  excretory 
organs.  After  the  formation  of  the  pronephros,  which  early 
takes  place  from  its  cranial  portion,  the  nephrogenic  cord  be- 
comes divided  into  mesonephrogenic  and  metanephrogenic  por- 
tions, the  former  giving  rise  to  the  Wolffian  body  and  the  latter, 
the  caudal  portion,  being  destined  to  form  the  secreting  portion 
of  the  permanent  kidney. 

.  The  pronephros  in  some  of  the  lower  vertebrates  is  well  de- 
veloped and  is  the  permanent  and  only  excretory  organ,  while 
in  mammals  it  is  quite  rudimentary  and  may  be  demonstrated 
for  only  a  very  short  period  during  the  fife  of  the  embryo.  Al- 
though its  presence  in  the  hmnan  embryo  is  very  transient,  it 
has  been  definitely  shown  that  it  exists  (Felix  (14) ),  that  it  occurs 
only  in  the  region  of  the  first  twelve  primitive  segments,  that  its 
development  begins  before  the  embryo  has  reached  the  2  mm. 
stage,  and  that  it  has  undergone  complete  atrophy  (excepting 
for  its  duct,  the  primary  excretory  duct)  by  the  time  the  em- 
bryo has  reached  a  length  of  5  mm.  It  has  no  function  and  is  of 
importance  only  in  that  its  duct  persists  to  form  the  Wolfl&an 
duct,  the  excretory  duct  of  the  mesonephros. 

The  mesonephros  or  Wolffian  body,  arising  from  the  primi- 
tive segment  stalks  from  the  fifth  cervical  to  the  third  lumbar 
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segments  (the  mid-portion  of  the  nephrogenic  cord),  and  con- 
sisting of  a  series  of  glomeruli  and  tubules  opening  into  a  com- 
mon efferent  duct,  is  the  permanent  excretory  organ  in  certain 
fishes  and  amphibians  but  undergoes  atrophy  in  man.  Its  duct, 
the  mesonephxic  or  Wolffian  duct,  opens  into  the  cloaca  (the 
blind  caudal  extremity  of  the  intestinal  tract)  which  it  reaches 
at  about  the  4  or  4.5  mm.  stage  of  embr^'onic  life,  as  shown  in 
figures  8  and  9.  Felix  considers  that  in  man  the  mesonephros 
does  not  function  as  an  excretory  organ  because  it  is  well  on  its 
way  toward  degeneration  before  the  metanephros,  or  permanent 
kidney,  has  sufficiently  developed  to  assume  any  excretory  func- 
tion that  the  former  might  have  had.  The  mesonephros  is  at 
the  height  of  its  development  during  the  fourth  and  fifth  weeks 
of  embryonic  life  (Kelly  and  Bumam  (15)  )  and  undergoes 
atrophy  from  the  eighth  to  the  sixteenth  weeks,  the  duct  per- 
sisting as  the  vas  deferens  in  the  male  and  being  rudimentary 
in  the  form  of  Gartner's  duct  in  the  female. 

The  anlage  of  the  metanephros  or  permanent  kidney  ap- 
pears (in  an  embryo  of  about  5  mm.)  as  a  budding  or  evagination 
from  the  lower  end  of  the  Wolffian  duct  close  to  its  opening  into 
the  cloaca,  as  shown  in  figures  10,  15,  16  and  17.  The  stage  of 
renal  development,  however,  corresponds  only  approximately 
to  the  external  measurements  of  the  embr>'o,  and  therefore  em- 
bryos larger  than  5  nam.  may  show  no  evidence  of  ureteral  buds. 
Such  was  the  case  in  embryos  1075  and  873  of  the  Mall  collec- 
tion, each  of  which  measured  6  mm.  This  bud  is  destined  to 
form  the  ureter,  pelvis,  calices,  and  collecting  tubules,  that  is, 
the  entire  efferent  apparatus,  while  the  secreting  portion  of  the 
kidney,  including  Bo\sTnan's  capsules,  convoluted  tubules,  and 
ascending  and  descending  loops  of  Henle,  is  derived  from  a  mass 
of  mesodermal  cells  forming  the  so-called  metanephrogenic  tissue 
which,  as  stated  above,  has  its  origin  from  the  caudal  portion 
of  the  nephrogenic  cord.  This  mass  of  cells  surrounds  the  tip 
of  the  ureter  very  soon  after  its  evagination,  even  before  the 
bud  has  grown  a  distance  equivalent  to  the  diameter  of  the 
Wolffian  duct,  and  is  shown  in  figures  18  and  19,  the  nuclei 
staining  very  deeply  in  sharp  contrast  with  the  surrounding 
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mesoderm.  These  specialized  mesodermal  cells  are  also  shown 
in  figures  16  and  17  and  are  seen  to  form  a  distinct,  almost 
diagrammatic,  mesodermal  ''cap"  covering  the  bulbous  tip  of 
the  ureteral  bud.  The  ureteral  bud  grows  at  first  dorsally 
toward  the  vertebral  column  and  then  turns  and  grows  crani- 
ally,  the  tip  being  surmounted  or  capped  by  the  mass  of  meta- 
nephrogenic  cells  which  accompanies  it  in  its  ascent.  As  early 
as  the  6.6  mm.  stage  the  ureteral  tip  has  become  bulbous,  the 
primitive  pelvis  thus  being  differentiated  from  the  more  slender 
stalk,  the  future  ureter  (figs.  11,  16  and  17)  and  as  early  as  the 
8  mm.  stage  a  bifurcation  of  the  primitive  pelvis  has  taken  place, 
separating  it  into  upper  and  lower  divisions,  the  first  evidence  of 
the  calices  (figs.  12  and  20).  A  continued  process  of  outgrowth 
and  branching  produces  the  complete  system  of  calices  and 
collecting  tubules.  During  the  ascent  of  the  kidney,  changes 
are  taking  place  in  the  region  of  the  lower  end  of  the  ureter. 
By  a  gradual  downgrowth  of  the  urorectal  septum,  which  first 
appears  as  a  saddle-like  depression  between  the  allantois  and 
intestine,  the  cloaca  becomes  divided  into  urogenital  and  in- 
testinal portions,  the  future  bladder  and  rectum.  The  series 
of  cloacal  models  shown  in  figures  8,  9,  10,  11,  12  and  13,  indi- 
cates the  various  stages  by  which  the  cloaca  becomes  divided 
into  separate  portions  by  this  coronal  septum,  which  finally 
reaches  the  cloacal  membrane,  dividing  the  latter  into  urogenital 
and  anal  membranes.  The  septum  passes  posterior  to  the  ori- 
fices of  the  Wolffian  ducts  so  that  the  latter  come  to  open  into 
the  urogenital  portion.  Figure  21,  which  is  a  sagittal  section 
passing  through  the  bladder  and  rectum  of  a  23  mm.  embryo, 
shows  that  a  pouch  of  peritoneum  (C)  extends  down  into  the 
urorectal  septum  to  a  point  well  beyond  the  entrance  of  the 
Wolffian  ducts  (ejaculatory  ducts)  into  the  urethra.  This 
peritoneal  pouch  subsequently  becomes  obliterated,  and  its 
identical  position  comes  to  be  occupied  by  Denonvilliers'  two- 
layered  fascia,  which  in  adult  life  intervenes  between  prostate 
and  rectum  and  is  of  such  great  surgical  importance,  both  as  a 
cleavage  plane  in  perineal  prostatic  and  seminal  vesicle  opera- 
tions, and  as  a  barrier  in  limiting  the  extent  of  malignant  dis- 
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ease  of  the  prostate.  As  early  as  1837  Denonvilliers  (44)  wrote 
an  excellent  anatomical  description  of  this  fascia,  although  he 
did  not  understand  its  embryological  significance  and  evidently 
did  not  recognize  the  existence  of  more  than  one  layer.  By  a  proc- 
ess of  dilatation,  as  shown  in  figures  11  and  12,  the  lower  end 
of  the  Wolffian  duct  comes  to  form  a  portion  of  the  wall  of  the 
future  bladder,  the  ureter  thus  acquiring  an  orifice  separate  and 
distinct  from  that  of  the  Wolffian  duct,  which  shifts  downward 
and  later  becomes  the  ejaculatory  duct  (fig.  13). 

We  have  stated  above  that,  at  about  the  8  mm.  stage,  the  blind 
bulbous  tip  of  the  ureter  (the  primitive  pelvis)  normally  splits 
into  upper  and  lower  di\dsions,  the  first  e\'idence  of  the  calices 
(figs.  12  and  20).  There  is  a  general  agreement  among  authors 
that  the  formation  of  incomplete  double  ureter  may  be  accounted 
for  by  a  premature  or  exaggerated  bifurcation  of  the  tip  of  the 
ureteral  bud,  the  split  extending  varying  distances  down  the 
ureteral  stalk  instead  of  being  confined  to  the  bulbous  tip  or 
primitive  pelvis  (fig.  14).  Felix  describes  this  as  a  "precocious 
splitting  of  the  ureter,"  the  bifurcation  taking  place  before  the 
formation  of  the  primitive  renal  pelvis,  and  the  two  ureters 
thus  formed  ascending  parallel  to  one  another.  He  designates 
such  forms  of  ureter  as  "cleft  ureter,"  reser\dng  the  term  "double 
ureter"  only  for  those  that  have  separate  openings  in  the  bladder. 
We  have  seen  no  case  of  partial  ureteral  duplication  in  which  the 
portion  of  the  ureter  nearest  the  kidney  was  single  and  that 
nearest  the  bladder  double,  nor  have  we  found  records  of  any 
such  case  either  in  the  pathological  or  the  surgical  literature. 
It  would  be  difficult  to  explain  such  a  condition  embryologically. 

Concerning  the  origin  of  complete  double  ureter  there  is  some 
difference  of  opinion.  Felix  considers  that  such  ureters  must 
necessarily  arise  as  separate  outbuildings  from  the  Wolffian 
duct.  According  to  Pohhnan,  the  bifurcation  may  take  place 
so  close  to  the  Wolffian  duct  that  the  two  ureters  acquire  sepa- 
rate orifices  through  the  process  of  dilatation  of  the  caudal  end 
of  the  Wolfiian  duct,  by  which  process  the  latter  becomes  a  part 
of  the  bladder  wall.  Huntington  (16)  cites  a  case  of  bifid  ureter 
with  one  "perfectly  formed  pelvis  and  primary  and  secondary 
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calices,"  and  the  other  pelvis  incomplete.  He  considers  that 
since  this  normal  pelvis  could  have  arisen  only  as  the  result  of  a 
normal  development  of  a  normal  ureteral  bud,  the  second  ureter 
and  pelvis  must  therefore  have  arisen  as  a  lateral  sprout  from 
the  main  ureteral  stem.  It  may  be  stated  as  a  general  rule  that, 
in  case  of  complete  double  ureter,  the  ureter  which  has  its  orifice 
lowest  in  the  bladder  drains  the  higher  renal  pelvis,  as  was 
pointed  out  by  Weigert  as  early  as  1877.  In  cases  of  resection 
of  a  portion  of  the  double  kidney  this  crossing  of  the  ureter 
would  be  of  surgical  importance. 

ANALYSIS   OP   CASES   IN   LITERATUKE 

Excluding  the  numerous  reported  cases  of  bifid  or  double 
ureter  demonstrated  by  autopsy  or  dissection,  and  those  demon- 
strated by  cystoscopy  and  by  examination  of  the  external  geni- 
talia, we  have  been  able  to  find  in  the  literature,  in  addition  to 
the  case  we  are  reporting  at  present,  twenty-six  instances  in 
which  this  form  of  anomalous  kidney  was  operated  upon.  All 
of  these  showed  complete  duplication  of  the  renal  pelvis,  and 
grades  of  ureteral  duphcation  varying  from  a  bifurcation  close 
to  the  kidney  to  a  complete  supernumerary  ureter  with  a  sepa- 
rate orifice;  and  all  but  two  were  operated  upon  because  of  a 
pathological  process  located  in  the  anomalous  kidney.  In  the 
two  exceptions,  cases  of  Stammler  and  Josephson,  the  operation 
was  undertaken  merely  on  account  of  the  incontinence  produced 
by  the  supernumerary  ureter  opening  externally,  there  being  no 
lesion  in  the  kidney  itself. 

Josephson' s  (17)  patient  was  a  girl  of  eighteen  who  had  had 
incontinence  since  birth  due  to  a  supernumerary  ureter  opening 
near  the  external  urethral  orifice.  After  a  correct  diagnosis  he 
was  able  to  cure  the  incontinence  by  exploring  a  left  double  kid- 
ney and  resecting  the  upper  portion  which  was  about  "the  size 
of  a  hen's  egg,"  leaving  in  situ  a  lower  normal  portion  the  size 
of  a  normal  kidney.  In  Stammler 's  (18)  case  there  was  bilateral 
double  ureter,  each  anomalous  ureter  opening  into  the  vagina, 
and,  in  accordance  with  Weigert's  rule,  draining  the  upper  pel- 
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vis  of  a  double  kidney  on  either  side.  Both  kidneys  were  ex- 
plored. On  the  right  side  the  anomalous  ureter  was  sectioned 
and  the  two  renal  pelves  anastomosed.  On  the  left  side  an 
anastomosis  was  considered  inadvisable  on  account  of  the  small 
size  of  the  upper  pelvis,  and  therefore  a  part  of  the  upper  half 
of  the  kidney  was  resected.     The  incontinence  was  cured. 

In  all  of  the  remaining  twenty-four  cases  the  operation  was 
undertaken  on  account  of  a  pathological  condition  which  was 
primarily  confined  to  one  segment  of  a  double  kidney,  and  in  all 
but  three  (Lange  (19),  Chute  (20),  Linck  (21) ),  the  remaining 
segment  was  normal  at  the  time  of  operation.  There  were  six- 
teen cases  of  pyonephrosis  (four  complicated  by  stone),  four  of 
tuberculosis,  three  of  hydronephrosis  and  one  of  "acute  surgical 
kidney"  (Lange).  It  is  of  interest  to  note  that  in  nineteen  in- 
stances (practically  80  per  cent)  the  pathological  condition  was 
located  in  the  upper  segment.  In  four  the  lower  segment  vras 
involved,  while  in  the  remaining  one  the  seat  of  the  disease  was 
not  mentioned.  In  two  instances  (Steiner  and  Franke)  the 
operation  was  pyelotomy.  Steiner  (22)  drained  a  pyonephrotic 
sac  involving  the  lower  portion  of  a  double  kidney.  Franke  (23) 
drained  a  hydronephrosis  of  one  pehds  of  a  double  kidney  and 
divided  an  anomalous  artery  which  was  the  cause  of  the  ob- 
struction. In  Scudder's  (24)  case,  that  of  a  child  twenty 
months  old,  there  were  acute  sjTnptoms  produced  by  a  huge, 
dilated,  supernumerary''  ureter  which  ended  blindly.  Merely  an 
exploratory  operation  was  done,  the  child  dying  soon  afterw^ard. 

The  possibility  of  an  erroneous  diagnosis  due  to  an  anoma- 
lous ureter  is  nicely  shown  by  the  case  reported  by  one  of  us 
(Young  (25)  )  in  1903.  The  patient,  a  man  of  54,  with  a  his- 
tory of  pyuria  of  several  years'  duration,  and  who  had  had  one 
attack  of  left-sided  renal  colic  with  passage  of  calculus  two  years 
before  admission,  showed,  as  a  result  of  ureteral  catheteriza- 
tion, clear  normal  urine  from  the  left  kidney  and  purulent  urine 
from  the  right.  The  X-ray  plate  showed  a  large  calculus  in  the 
region  of  the  right  kidney  "with  no  shadow  on  the  left.  With  a 
negative  X-ray  examination  and  normal  urine  from  the  left  side, 
the  conclusion  was  that  the  left  kidney  was  normal,  and  there- 
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fore  a  right  nephrotomy  with  removal  of  calculus  was  done  by 
Dr.  Finney,  the  patient  dying  two  days  afterwards  from  anuria. 
As  revealed  by  autopsy,  the  left  ureteral  catheter  had  happened 
to  enter  the  normal  branch  of  a  bifid  ureter  which  led  to  a  lower 
normal  kidney  segment.  The  upper  half  of  the  left  kidney  was 
pyonephrotic  and  contained  a  large  calculus  which  was  not  re- 
vealed by  the  X-ray  examination  because  the  plate  had  happened 
to  be  placed  too  low.  In  figure  22,  a  drawing  by  Mr.  Broedel  of 
the  autopsy  finding,  the  limits  of  the  area  covered  by  the  X-ray 
plate  are  indicated  by  a  slightly  darker  tone.  The  mistaken 
diagnosis  was  therefore  dependent  upon  curious  coexistent  patho- 
logical and  anomalous  conditions,  taken  together  with  two  un- 
fortunate incidents.  If  the  catheter  had  entered  the  other 
branch  of  the  bifid  ureter,  purulent  urine  would  have  been  ob- 
tained instead  of  normal  urine  and  if  the  X-ray  plate  had  been 
placed  higher  the  large  calculus  would  have  been  discovered. 
At  that  time  pyelography  had  not  been  introduced. 

The  remaining  twenty  cases  of  double  kidney  were  all  ne- 
phrectomies, and  in  all  but  one  (Albarran  (26) )  the  operation  was 
complete  nephrectomy.  In  three  of  them  (Lange,  Chute,  Linck) 
the  second  portion  of  the  kidney  was  said  to  be  ''obliterated," 
''functionless"  and  hydronephrotic  respectively.  Nephrectomy 
was  therefore  the  correct  procedure.  Sixteen  of  the  double  kid- 
neys, however,  were  half  normal,  and  would  have  afforded  an 
opportunity  for  partial  nephrectomy  with  preservation  of  a  nor- 
mal portion.  The  cases  were  those  of  Brewer  (27),  Bruci  (28), 
Dumitreanu  (29),  Dobrotworsky  (30),  Floderus  (31),  Hey- 
mann  (32),  Key  (33),  Kusnetzky  (34),  Marion  (35),  Martin  (36), 
Rafin  (37),  Summers  (38),  Stolz  (39),  Tschudy  (40),  Wille  (41) 
and  Wulff  (42).  In  this  series  of  twenty  nephrectomies  the 
diagnosis  of  ureteral  duplicity  was  made  before  operation  in  two 
instances  only,  while  in  eighteen  the  condition  was  accidentally 
discovered  during  the  course  of  the  operation,  or  later  by  an 
examination  of  the  pathological  specimen. 

There  remains  the  case  of  Albarran,  the  only  one  in  the  series 
in  which  the  normal  portion  of  the  kidney  was  preserved.  We 
find  Albarran 's  brief  mention  of  this  case  in  the  transactions  of 
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the  ninth  session  of  the  Association  Frangaise  d'Urologie  (1905), 
in  a  discussion  following  a  demonstration  by  Nicolich  of  a  path- 
ological specimen  showing  a  supposed  persistent  Miillerian  duct 
in  the  male.  In  this  discussion  Albarran  considered  the  speci- 
men of  Nicolich  to  be  in  reaUty  one  of  supernumerary  ureter 
opening  into  the  prostatic  urethra,  and  he  then  briefly  de- 
scribed a  similar  case  of  his  own  in  which  he  had  removed  the 
upper  half  of  a  double  kidney  for  pyonephrosis.  Apparently 
there  was  no  stone.  The  operation  was  undertaken  to  cure  a 
renal  fistula  resulting  from  a  pre\dous  operation,  and  the  ab- 
normahty  was  discovered  accidentally  and  not  by  prexdous 
diagnostic  methods.  Albarran  has  made  no  official  report  of 
this  case  but  we  quote  his  brief  remarks  in  their  entirety  in  the 
following  Hteral  translation. 

"The  patient  was  a  young  man  of  26  years,  who  in  Italy  had  had  a 
nephrotomy  for  pyonephrosis,  resulting  in  a  fistula  which  discharged 
a  small  amount  of  urine  and  much  pus.  During  the  operation  which  I 
undertook  to  cure  the  fistula  I  found  two  kidneys,  the  one  above  the 
other,  both  firmly  adherent,  and  demarcated,  the  one  from  the  other, 
by  a  furrow.  The  upper  kidney,  the  smaller,  was  almost  destroyed  by 
the  pyonephrosis.  After  having  cut  the  renal  tissue  at  the  level  of 
the  furrow  which  separated  the  two  kidneys,  I  extirpated  the  superior 
kidney,  which  had  an  independent  pedicle,  together  with  its  pelvis  and 
a  portion  of  the  ureter,  very  dilated  and  thin.  I  do  not  know  where 
the  ureter  ended  below  but  it  certainly  did  not  go  into  the  bladder 
which  I  have  carefully  examined  with  the  cystoscope." 

It  is  unfortunate  that  we  have  no  illustrations  and  no  ade- 
quate record  of  this  case.  As  to  the  exact  condition  found  at 
operation,  the  presence  or  absence  of  stone,  the  cause  of  the 
pyonephrosis,  the  point  of  junction  of  the  two  ureters  and  as 
to  the  convalescence  and  the  ultimate  result,  we  are  not  informed. 

We  find  a  brief  mention  of  three  operations  upon  presumably 
similar  cases  by  Braasch  (43)  as  follows:  ''Bisection  of  such  a 
kidney  was  performed  successfully  in  three  instances  by  W.  J. 
Mayo  after  the  clinical  diagnosis  had  been  made."  Other  than 
this  one  sentence,  no  further  report  in  this  country  has  been 
found. 
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CONCLUSIONS 

The  case  reported  above  is  apparently  unique  in  that  it  is  the 
only  such  case  to  be  found  fully  reported  in  the  literature. 

The  condition  of  double  kidney  and  ureter  is  not  rare,  and  the 
upper  half  is  most  often  the  seat  of  disease;  its  surgical  impor- 
tance is  therefore  great. 

The  advent  of  ureteral  catheterization,  radiography  and  pyelog- 
raphy has  made  the  diagnosis  easy  and  we  should  expect  the 
discovery  of  more  cases  in  the  future. 

The  radical  cure  by  excision  of  the  diseased  half  of  the  kidney 
with  its  pelvis  and  ureter  is  undoubtedly  the  method  of  choice. 
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PLATE  1 

Fig.  1.  Radiogram  showing  large,  branching  renal  calculus,  afterwards  found 
to  be  located  in  upper  half  of  double  kidney. 

Fig.  2.  Thorium  pyelogram  showing  right  bifid  ureter  and  double  kidney. 
Calculus  in  upper  pelvis. 
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PLATE  2 

Fig.  3.  First  stage  of  operation,  showing  the  double  kidney  exposed.  The 
upper  large  pyonephrotic  portion  is  demarcated  from  the  lower  normal  portion 
by  a  furrow.  The  point  of  bifurcation  of  the  ureter  is  diagrammatically  indicated 
in  dotted  lines. 
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PLATE  3 


Fig.  4.  Second  stage  of  operation.     The  two  segments  of  kidney  tissue  have 
been  separated  by  a  transverse  incision  just  above  the  level  of  the  furrow. 
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PLATE  4 

Fig.  5.  Third  stage  of  operation.  The  diseased  segment  has  been  removed, 
its  ureter  ligated  and  the  hemorrhage  from  the  normal  portion  controlled  by 
mattress  sutures. 
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PLATE  5 

Fig.  6.  Calculus  after  removal  from  upper  half  of  double  kidney. 
Fig.  7.  Thorium  pyelogram   made   after  removal  of  upper   calculous   pyo- 
inephrotic  portion  of  double  kidney.     Contrast  with  figure  2. 
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EXPLANATION  OF  FIGURES  8  TO  21.  INCLUSIVE 


An.,  Anus 

Ao.,  Aorta 

Al.D.,  Allantoic  duct 

A.M.,  Anal  membrane 

B.,  Bladder 

C,  Coelom 

CI.,  Cloaca 

Cl.M.,  Cloacal  membrane 

E.D.,  Ejaculatory  duct 

/.,  Intestine 

M.,  Mesonephrogenic  cells 


N.C.,  Neural  canal 

O.M.P.,  Omphalo-mesenteric  plexus 

P.C.V.,  Posterior  cardinal  vein 

P.P.,  Primitive  pelvis 

R.,  Rectum 

U.,  Ureter 

U.B.,  Ureteral  bud 

U.M.,  Urogenital  membrane 

U.R.S.,  Urorectal  septum 

W.D.,  Wolffian  duct 


PLATE  6 

Fig.  8.  Cloaca  of  a  3  mm.  human  embryo  (X  66).  The  Wolffian  ducts  have 
not  yet  developed  in  this  region.     (After  model  by  Keibel.) 

Fig.  9.  Cloaca  of  a  4.2  human  embryo  fX  50).  The  Wolffian  ducts  have 
appeared,  and  enter  the  cloaca  on  either  side.     (After  model  by  Keibel.) 
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PLATE  7 

Fig.  10.  From  a  6.5  mm.  human  embryo  (X  66).  The  ureteral  bud  is  seen 
springing  from  the  Wolffian  duct  close  to  its  opening  into  the  cloaca.  The  be- 
ginning separation  of  the  cloaca  into  intestinal  and  urogenital  portions  by  the 
urorectal  septum  has  begun.  For  the  sake  of  clearness,  the  right  Wolffian  duct 
has  been  omitted  in  this  drawing  and  in  those  following.  (After  model  by 
Keibel.) 

Fig.  11.  From  a  7  mm.  human  embryo  (X  66).  The  urorectal  septum  has 
separated  the  cloaca  into  two  distinct  portions,  the  Wolffian  duct  opening  into 
the  anterior  portion.  The  lower  end  of  the  Wolffian  duct  has  become  dilated. 
(After  model  by  Felix.) 
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PLATE  8 

Fig.  12.  From  an  11.5  mm.  human  embryo  (X  33).  The  urorectal  septum  has 
almost  reached  the  cloacal  membrane.  The  tip  of  the  ureteral  bud  has  become 
bulbous,  and  shows  a  distinct  tendency  toward  bifurcation.  The  Wolffian  duct 
and  the  ureter  have  acquired  separate  openings  into  the  bladder  side  by  side. 
(After  model  by  Keibel.) 

Fig.  13.  From  a  25  mm.  human  embryo  (X  20).  The  urorectal  septum  has 
reached  the  cloacal  membrane,  completely  dividing  the  cloaca  into  bladder  and 
rectum.  The  dotted  line  indicates  the  limit  to  which  the  coelom  descends,  the 
two  layers  of  this  peritoneal  pouch  later  becoming  fused  to  form  Denonvilliers' 
two-layered  fascia.  The  ureter  and  the  Wolffian  duct  have  acquired  separate 
orifices,  and  the  latter  has  shifted  downward  and  later  becomes  the  ejaculatory 
duct.-    (After  model  by  Keibel.) 
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PLATE  9 

Fig.  14.  Schematic  representation  of  a  bifurcation  of  the  primitive  pelvis 
in  excess  of  the  normal  bifurcation  shown  in  figure  12.  It  can  readily  be  under- 
stood that  a  dilatation  of  the  lower  end  of  this  cleft  ureter  would  produce  two 
separate  ureteral  orifices  in  the  bladder. 

Fig.  15.  Cross  section  through  caudal  end  of  a  6  mm.  human  embryo  (X  SO), 
showing  both  Wolffian  ducts  entering  cloaca  and  both  ureteral  buds  given  off 
from  the  Wolffian  ducts  just  at  the  angle  where  the  latter  turn  and  run  crani- 
ally.  Figure  10  shows  how  a  cross  section  at  this  level  would  cut  the  Wolffian 
ducts  longitudinally.     (Embryo  Mall  988,  slide  6,  row  7,  sec.  3.) 


48 


DOIIJI.K  I  UKTKU  AND  KIDNEY 

HIUH  II.   YOUXli   AND  EUWl.V  o.  DAVIS 


PIATE  9 


15 


49 


PLATE  10 

Fig.  16.  Sagittal  section  through  a  7.8  mm.  human  embryo  (X  160),  showing 
in  an  almost  diagrammatic  manner  the  Wolffian  duct  with  its  ureteral  bud  ter- 
minating in  a  bulbous  swelling,  the  primitive  pelvis.  Surrounding  the  latter  is  a 
zone  of  metanephrogenic  tissue,  clearly  differentiated  from  the  surrounding  meso- 
derm.    (Embryo  Mall  1354,  slide  5,  row  3,  sec.  2.) 

Fig.  17.  Sagittal  section  through  a  6.6  mm.  human  embryo  (X  170),  showing 
another  almost  diagrammatic  picture  of  the  ureteral  bud.  This  section,  and  the 
one  from  which  figure  16  was  taken,  fortunately  happened  to  be  in  exactly  the 
right  plane  to  cut  both  Wolffian  duct  and  ureter  longitudinally.  (Embryo 
Mall  371,  slide  5,  row  3,  sec.  5.) 
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PLATE  11 

Fig.  18.  Cross  section  through  cloaca  and  both  Wolffian  ducts  of  a  6.5  mm. 
human  embryo  (X  170).  One  Wolffian  duct  shows  a  ureteral  bud  very  early  in 
the  process  of  evagination.  Note  that  although  the  distance  which  the  ureteral 
tip  has  grown  is  less  than  the  diameter  of  the  Wolffian  duct,  the  former  is  already 
surmounted  by  the  "cap"  of  metanephrogenic  cells.  (Embryo  Mall  800,  slide  22, 
row  3,  sec.  2.) 

Fig.  19.  Higher  magnification  'of  ureteral  bud  shown  in  figure  18  (X  466). 
Note  the  sharpness  and  clearness  of  the  stain  of  the  nuclei  of  the  metanephro- 
genic cells  in  contrast  with  those  of  the  surrounding  mesoderm. 
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PLATE  12 

Fig.  20.  Sagittal  section  through  a  10mm.  human  embryo  (X  170),  showing 
distinct  bifurcation  of  primitive  pelvis.  This  bifurcation  may  be  shown  to  take 
place  as  early  as  the  8  mm.  stage,  although  it  happened  that  none  of  the  8  mm. 
embryos  studied  were  sectioned  in  the  correct  plane  to  demonstrate  the  bifur- 
cation in  a  single,  clear-cut,  diagrammatic  picture,  as  the  above  section  from  a 
10  mm.  embryo  supplied.     (Embryo  Mall  1197,  slide  12,  row  1,  sec.  2.) 

Fig.  21.  Sagittal  section  through  the  cloacal  region  of  a  23  mm.  human  em- 
bryo (X  33),  showing  cloaca  completely  separated  into  urogenital  and  rectal 
portion  by  the  urorectal  septum.  A  pouch  of  peritoneum  (c)  is  seen  extending 
well  down  beyond  the  point  of  entrance  of  the  ejaculatory  duct  (Wolffian  duct) 
into  the  future  urethra.  It  is  this  two-layers  of  peritoneum  that  later  fuse  to 
form  Denonvilliers'  fascia.     (Embryo  Mall  453,  slide  24,  row  1,  sec.  1.) 
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PLATE  13 

Fig.  22.  Bilateral  renal  calculi;  large  branching  calculus  filling  pelvis  and 
calices  of  right  kidney  and  also  the  pelvis  and  calices  of  the  upper  portion  of  the 
left  kidney,  which  is  double.  The  lower  portion  of  the  double  kidney  is  normal. 
The  X-ray  plate  (as  indicated)  showed  a  shadow  in  the  right  kidney  but  none 
in  the  left  because  the  plate  was  placed  too  low.     (Case  of  H.  H.  Young.) 
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THE    BACTERIOLOGY    AND    AIICROSCOPY    OF    THE 
CONTENTS  OF  THE  SEMINAL  VESICLES 
POST-MORTEM.    A  STUDY  OF 
FIFTY-TWO  CASES' 

B.  A.  THOMAS  and  F.  G.  HARRISON 
From  the  William  Pepper  Clinical  Laboratory,  University  of  Pennsylvania 

In  view  of  the  unprecedented  interest  manifested  by  urolo- 
gists today  in  spermatocystitis,  and  in  realization  of  the  focal 
sepsis  occasioned  thereby,  too  little  suspected  and  investigated 
by  the  average  medical  man,  be  he  internist,  surgeon  or  special- 
ist, but  nevertheless  characterized  by  a  retinue  of  urinary, 
arthritic,  neurological,  mental  and  even  systemic  diseases,  it 
behooves  the  profession  to  welcome  any  attempt  to  study  this 
obscure  affection. 

This  paper  is  merely  the  forerunner  of  a  more  important  one 
directed  to  the  microscopy  and  bacteriology  of  spermatocystitis, 
during  life,  as  revealed  at  the  time  of  seminal  vesiculotomy. 
Thus  we  hope  to  establish  on  a  firmer  basis  certain  indefinite 
and  conflicting  ideas  respecting:  (1)  the  presence  of  spermatozoa 
in  the  seminal  vesicle,  (a)  normally  and  (b)  when  inflamed;  (2) 
the  fife  or  death  of  spermatozoa  in  spermatocystitis  and  (3),  the 
identification  of  the  invading  bacteria,  gonorrhoeal  and  non- 
gonorrhoeal. 

Normally,  the  seminal  vesicles  elaborate  a  specific  yellowish 
albuminous  secretion,  which  according  to  Virchow  is  a  proteid 
compound,  and  claimed  by  Walker  to  belong  to  the  group  of  his- 
tones.  It  is  insoluble  in  water,  but  dissolves  readily  in  acetic 
acid  and  a  solution  of  ferrocyanide  of  potassium;  it  is  not  coagu- 
lated by  heat,  unless  salts,  particularly  sodium  chloride,  are 
present;  liquid  when  warm,  it  becomes  gelatinous  in  consistence 
when  cold.     Much  discussion  has  prevailed  in  the  past  respect- 

^  Read  before  the  Philadelphia  Pathological  Society,  January  25,  1917. 
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ing  the  function  of  the  seminal  vesicles,  both  in  the  capacity 
of  secretory  structures  and  as  reservoirs  for  semen.  The  opinion 
is  generally  held  at  present  that  the  spermatocystic  secretion  is 
derived  from  the  epithelium  of  the  vesicular  mucosa,  that  it 
bears  a  definite  though  unknown  relation  to  the  spermatozoon, 
and  can  be  differentiated  by  chemical  analysis  from  the  testicu- 
lar secretion.  This  view  is  held  by  Akutsu,  Casper,  Fiirbringer, 
Rehfisch,  Quinby  and  many  others.  In  addition  to  its  own 
peculiar  secretion,  the  seminal  vesicle,  under  normal  condi- 
tions harbors  epithelial  cells,  occasional  leucocytes,  lecithin 
granules,  sago  bodies  and  numerous  spermatozoa. 

Singularly  enough  there  is  no  unanimity  of  opinion  even  today 
respecting  the  point  as  to  whether  or  not  the  seminal  vesicles 
subserve  the  function  of  reservoirs.  Hundreds  of  years  ago 
Fallopius  and  Regnerus  de  Sraof  contended  that  the  vesicles 
were  containers  of  semen,  while  opposed  to  this  view  were 
Wharton  van  Homes,  Swamerdam  and  Hunter.  The  Royal 
Society  of  London  left  the  decision  with  Sraof,  but  he  was 
unable  to  form  a  conclusion  on  this  scientific  matter.  More  re- 
cently Rayer  states  ''In  the  contents  of  the  seminal  vesicles 
there  are  found  some  seminal  threads,  although  not  so  regularly 
and  not  so  numerously  that  the  seminal  vesicles  can  be  considered 
as  storage  places  for  the  spermatozoa."  Lenhossek  and  Weisz 
conclude  that  the  "seminal  vesicles  positively  do  not  serve  as 
reservoirs  for  the  testicular  secretions." 

Irrespective  of  these  statements,  alleged  to  be  based  upon  in- 
vestigations, we  believe  consensus  of  opinion  favors  the  belief 
that  the  seminal  vesicles,  in  addition  to  their  own  secretory 
function,  also  serve  as  reservoirs  for  the  testicular  secretion. 
Evidence  to  this  effect  is  furnished  by  the  fact  that  practically 
all  vesicles  normally  contain  varying  numbers  of  spermatozoa, 
also  in  oiir  post-morten  study  of  fifty-two  cases,  many  vesicles 
were  found  to  harbor  spermatozoa.  Thus  the  dual  function  of 
the  vesicles  can  scarcely  longer  be  contested. 

It  is  not  our  intention  at  this  time  to  differentiate  the  acute, 
subacute  and  chronic  types,  nor  to  enter  into  a  discussion  of  the 
clinical  aspects  of  spermatocystitis.     It  is  sufficient  to  recall. 
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(1),  the  frequency  of  the  affection,  hence  its  importance,  and  (2) 
the  gross  pathology  associated  with  the  bacteriology.  Inflam- 
mation of  the  seminal  vesicles  may  be  divisible  into  the  following 
forms:  (1)  catarrhal;  (2)  suppurative,  with  or  without  locula- 
tions  of  pus  or  abscess  formation;  (3)  interstitial  and  (4)  peri- 
cystic. On  rectal  examination,  these  may  vary  from  an  im- 
palpable lesion  to  a  pyovesiculosis  of  50  cc.  content  or  a  mass 
the  size  of  a  goose  egg  (Kocher,  Petersen).  The  perivesicular 
form  leading  to  a  chronic  infiltration  of  the  trigone  and  neck 
of  the  bladder  may  lead  to  symptoms  identical  with  those  of 
prostatism  and  associated  in  one  of  our  cases  with  a  residual 
urine  of  15  ounces.  In  a  considerable  number  of  our  cases 
studied  post-mortem,  atrophy,  obhterative  changes  and  in- 
flammatory enlargement  of  the  vesicles  were  demonstrable. 

The  frequency  of  spermatocystitis  is  yearly  becoming  more 
widely  recognized,  some  investigators  regarding  it  as  the  com- 
monest complication  of  gonorrhoea  (Lloyd,  Fuller,  Collan, 
Weisz).  It  is  probably  true  that  epididymitis  does  not  exist 
without  an  associated  seminal  vesicuUtis,  and  the  belief  is 
steadily  gaining  credence  that  inflammation  of  the  spermatic 
vesicles  is  as  common,  if  not  more  frequent  than  prostatitis,  as  a 
gonorrhoeal  complication  (Lucas,  Colombini,  Guepin  and  Ken- 
nedy). IMayer  found  60  per  cent  of  patients  with,  posterior 
urethritis  to  have  involvement  of  the  seminal  vesicles.  Lewin 
and  Bohm  encountered  spermatocystitis  in  35  per  cent  and 
prostatitis  in  29  per  cent  of  1000  gonorrhoeal  cases. 

Although  gonorrhoea  is  the  usual  cause  of  spermatocystitis, 
it  is  seldom,  in  our  experience,  that  the  gonococcus  can  be  iden- 
tified; the  vast  majority  of  cases  presenting  a  mixed  infection  or 
at  least  some  other  superimposed  pyogenic  bacterium.  Post- 
mortem study  in  our  series  failed  to  demonstrate  the  gonococcus 
in  a  single  case.  In  the  hving  subject,  Reich  was  the  first  to 
demonstrate  gonococci  in  a  spermatocystic  abscess,  and  v.  Seh- 
len  found  them  in  the  expressed  secretion  of  the  vesicles.  Since 
then  this  observation  has  been  repeatedly  made  in  14  to  60  per 
cent  of  cases  (Collan,  Mayer,  MoUer,  Feleki,  Finger,  Lewin  and 
Bohm).     Recognizing  the  prevalence  of  spermatocystitis  due  to 
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gonorrhoea,  and  conscious  of  the  opinion  of  some  authorities 
that  men  who  have  had  repeated  attacks  of  gonorrhoea,  invari- 
ably are  sufferers  from  chronic  inflammation  of  the  seminal 
vesicles,  it  should  be  borne  in  mind  that  occasionally  other 
causes  are  responsible.  Among  these  should  be  mentioned: 
(1)  bacterial  invasion  from  contiguous  structures;  (2)  urethral 
instrumentation;  (3)  circulatory  disturbances;  (4)  systemic  in- 
fections; (5)  perineal  trauma  according  to  Kocher  and  (6)  mas- 
turbation and  venereal  excesses.  Tuberculosis,  an  affection  of 
not  uncommon  occurrence  is  of  such  special  interest  and  im- 
portance that  it  deserves  separate  attention  and  has  been  ex- 
cluded from  consideration  in  this  paper. 

The  content  of  the  inflamed  vesicles  is  a  muco-purulent  or 
purulent  material  mixed  with  a  pellucid  filamentous  stroma  or 
colloidal  brownish  liquid  containing  conglomerated  fat  globules, 
desquamated  and  degenerated  epithelial  cells,  pus,  erythrocytes, 
lecithin  granules,  concretions,  bacteria  and  possibly  spermatozoa. 
In  a  case  of  gonorrhoea  complicated  by  bilateral  epididymitis, 
pyelonephritis  and  spermatocystitis,  Duhot  found  in  the  hemor- 
rhagic vesicles  a  thick,  cloudy  content  consisting  of  numerous 
leucocytes  and  erythrocytes,  hematoidin  crystals,  pigment  gran- 
ules, epithelial  cells,  extra  and  intracellular  gonococci,  a  few  ba- 
cilh,  but  no  spermatozoa.  Guelliot  and  Collan  likewise  found 
the  inflammatory  content  devoid  of  zoosperms.  Lewin  and 
Bohm  saw  either  dead  or  living  spermatozoa  in  11  per  cent  of 
cases;  in  the  remainder  none  was  visible. 

The  precise  bacteriology  of  the  seminal  vesicles  has  always 
been  a  matter  of  much  uncertainty  and  conjecture.  There  is 
reasonable  ground  to  doubt  the  occurrence  of  a  pure  gonococcal 
spermatocystitis,  just  as  there  is  of  a  cystitis,  prostatis,  epididy- 
mitis or  even  a  posterior  urethritis.  The  differentiation  of  the 
gonococcus  from  the  M.  catarrhalis  is  at  times  a  matter  of 
great  difficulty.  It  will  be  remembered  that  although  the  pos- 
terior urethra  normally  contains  no  bacteria,  the  anterior  urethra 
furnishes  at  least  a  dozen  or  fifteen  varieties.  During  the 
course  of  a  siege  of  gonorrhoea,  invasion  of  the  posterior  urethra 
and  its  adnexa  by  the  mixed  infection  from  the  anterior  urethra 
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becomes  a  simple  matter,  and  then  as  a  rule  the  gonococcus 
speedily  becomes  implanted  in  the  tissues  or  supplanted  by  the 
associated  more  rapidly  growing  and  virulent  pyogenic  bacteria. 
Thus,  frequently,  the  complications  and  sequellae  of  gonorrhoea 
arise. 

Huet  finds  that  bacteria  may  be  present  in  the  seminal  vesicles 
of  healthy  animals,  as  horses,  cattle,  pigs  and  laboratory  animals, 
and  attempts  to  apply  his  observations  to  man.  He  has  also 
found  that  in  animals  dying  of  acute  septicemia,  the  specific 
organism  (anthrax,  pneumonia)  can  be  recovered  in  the  vesicular 
secretions.  Furthermore,  it  was  shown  definitely  that  an  in- 
fection with  which  the  male  was  suffering  could  be  transmitted 
to  the  female  during  the  act  of  copulation. 

Marchildon  reports  two  cases  of  typhoidal  spermatocystitis, 
that  were  autopsied  and  pure  cultures  of  the  B.  typhosus  ob- 
tained from  both  vesicles  and  prostate. 

Fuchs  was  able  microscopically  and  culturally  to  demonstrate 
the  B.  coli  in  association  with  gonococci. 

Barney  reports  a  few  cases  in  which  sterile  cultures  were  ob- 
tained, although  in  one  vesicle  the  microscopical  smear  showed  a 
large  colony  of  cocci,  possibly  diplococci,  some  of  them  intra- 
cellular. Voelcker  reports  finding  the  pneumoccocus  in  vesicles 
removed  at  operation.  Picker  has  repeatedly  shown  not  only 
this  organism  but  also  the  gonococcus.  Fuller  states  that  in 
many  chronic  cases  no  gonococci  can  be  demonstrated  defi- 
nitely to  exist  in  the  urinary  tract  or  in  the  material  expressed 
from  the  seminal  vesicles;  organisms  apparently  streptococci, 
however,  have  been  foimd.  Belfield  relegates  the  infection  to 
the  colon  bacillus  and  the  gonococcus.  Schmidt  says  that  the 
"gonococcus  is  not  the  germ  which  is  the  one  most  often  found. 
In  the  acute  stage  the  gonococcus  may  pave  the  way  for  second- 
ary infection,  but  it  soon  becomes  extinct  and  the  secondary  in- 
fectious germs  are  the  cause  of  the  resultant  condition  and 
sjTnptoms.  In  the  order  of  frequency  these  are  the  staphylo- 
coccus, streptococcus  and  the  colon  bacillus.  I  do  not  mean, 
however,  that  the  gonococcus  is  ever  absent  in  the  chronic 
cases."     Smith  sums  up  the  e\ddence  and  claims  that  the  sem- 
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inal  vesicles  are  infected  ''principally  by  Neisser's  diplococcns, 
and  its  associates,  the  staphylococcus,  the  streptococcus  and  the 
colon  bacillus." 

Squier,  in  1913,  in  spite  of  negative  findings  in  repeated  cul- 
tural and  bacteriological  tests  of  the  vesicular  contents,  believes 
in  the  theory  of  a  mixed  infection.  In  1915,  in  view  of  the  mul- 
tiplicity of  results,  he  forms  two  conclusions:  (1)  with  the  excep- 
tion of  the  suppurative  cases,  the  gonococcus  is  regularly  absent; 
(2)  there  is  almost  constant  growth  of  pyogenic  bacteria.  Refer- 
ring to  the  work  of  Rosenow  and  Buerger  with  pneumococci  in 
1907,  he  suggests  that  the  gonococcus  may  undergo  a  mutation 
depending  upon  its  environment  and  declares  that  ''it  is  not  too 
much  to  presume  that  the  gonococcus  may  mutate,  and  what  is 
in  the  beginning  a  Neisserian  seminal  vesiculitis,  is  latterly  a 
streptococcic  infective  process." 

From  the  foregoing  diversity  of  opinion  it  is  apparent  that  little 
is  definitely  known  respecting  the  exact  nature  of  the  bacterial 
flora  of  spermatocystitis.  Moreover  many  reported  bacteriologi- 
cal results  have  been  based  upon  secretion  or  material  obtained 
after  expression  or  massage  of  the  seminal  vesicles  and  prostate. 
Even  were  it  possible  by  this  means  to  keep  the  two  secretions 
separate,  the  method,  so  far  as  accurate  findings  are  concerned,  is 
open  to  serious  criticism  on  account  of  unavoidable  contamina- 
tion from  the  bacteria  prevalent  in  the  urethra.  Absolute  in- 
disputable results  can  be  obtained  only  by  incision  of  the  vesicles 
and  direct  bacteriological  examination  of  their  contents. 

Believing  that  a  study  of  the  spermatocystic  secretion,  post- 
mortem, might  be  of  interest,  if  not  instructive,  we  submit  the 
following  table  of  fifty-two  cases,  reserving  the  more  important 
series,  namely  those  cases  studied  during  life  in  conjunction  with 
seminal  vesiculotomy,  for  a  secondary  report. 

The  cases  here  tabulated  were  all  autopsied  in  the  Philadel- 
phia General  Hospital,  and  we  wish  to  express  our  deep  apprecia- 
tion to  Dr.  Randle  C.  Rosenberger  for  his  courtesy  in  placing 
this  material  at  our  disposal.  Few,  if  any,  of  the  bodies  were  as 
fresh  as  might  have  been  desired.  Some  were  seen  in  a  few 
hours,  but  many  not  until  after  they  had  been  in  cold  storage 
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for  a  day  or  more.  In  most  instances,  the  bladder  with  at- 
tached seminal  vesicles  had  been  removed  and  placed  in  a  re- 
frigerator for  a  few  to  twenty-four  or  more  hours  before  bacterio- 
logical culture  was  attempted.  The  age  of  the  subjects  ranged 
from  eighteen  to  seventy-four  years.  The  diagnoses  are  not^ 
for  the  respective  cases  but  have  no  definite  significance  \nth 
respect  to  the  seminal  vesicular  findings,  even  in  those  few  cases 
where  a  historj-  of  gonorrhoea  was  obtainable,  which  was  the 
case  in  only  13.4  per  cent,  of  whom  practically  one-half  showed 
no  growth,  and  the  remainder  the  colon  bacillus,  with  one  excep- 
tion when  the  M.  albus  was  isolated;  15.3  per  cent  denied  gon- 
orrhoea! infection,  and  of  these  one-fourth  demonstrated  the 
colon  bacillus.  In  thirty-seven  cases  or  71.3  per  cent  no  state- 
ment, negatively  or  positively,  of  venereal  infection  was  ob- 
tainable. 

The  technique  of  examination  was  as  follows:  The  vesicles 
were  sufficiently  dissected  to  expose  their  exterior.  A  promi- 
nent area  of  the  surface  was  rendered  sterile  by  searing  with  a 
hot  blade.  The  vesicle  was  then  incised  with  a  sterile  knife  and 
its  lumen  and  content  exposed.  Cultures  were  taken  on  blood 
agar  or  serum,  on  plain  agar  and  in  bouillon.  If  no  growth  ap- 
peared in  two  daj's  imder  the  usual  cultural  conditions,  the  incu- 
bation was  continued  anaerobically  for  a  few  days  more.  An- 
other portion  of  the  vesicular  secretion  was  then  spread  on  the 
glass  slide,  stained  and  studied  microscopically.  Finally  a 
hanging  drop  preparation  was  made  and  observed  under  the 
microscope. 

In  sixteen  cases  B.  coli  was  cultured,  but  little  importance  at- 
taches to  this,  since  it  was  foimd  in  a  number  of  subjects  who 
denied  venereal  infection.  ^Moreover,  in  \'iew  of  the  high  per- 
centage of  times  this  bacterium  was  cultured  as  compared  with 
the  other  organisms,  the  thought  naturally  arises,  whether  this 
could  not  have  been  a  post-mortem  invasion  of  the  vesicle  due 
to  the  proximity  of  the  rectvmi.  At  any  rate  the  finding  sup- 
ports the  belief  that  intestinal  flora  may  permeate  the  tissue 
spaces  or  rrdnute  cellular  perforations,  and  thereby  in  this  man- 
ner gain  entrance  to  the  urological  tract.     It  is  significant,  how- 
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ever,  that  in  all  save  six  cases  of  colon  infection,  pus  cells  were 
demonstrable  in  the  vesicular  secretion,  evidencing  the  proba- 
bility of  an  ante-mortem  spermatocystitis  due  to  this  bacterium. 

In  two  cases,  one  of  myocarditis  and  paresis,  the  other  of 
pneumonia,  M.  aureus  was  found  in  association  vnth  pus  cells 
in  the  vesicles. 

In  one  case  with  a  history  of  gonorrhoea,  M.  albus  was 
cultured. 

In  a  few  cases  B.  subtilis  was  obtained  in  the  culture.  This 
was  undoubtedly  the  result  of  contamination. 

The  high  percentage  of  sterile  cultures  is  not  surprising,  when 
it  is  reahzed  that  the  subjects  and  vesicles  were  refrigerated 
for  considerable  periods  previous  to  the  time  of  taking  cultures, 
and  helps  to  explain  the  failure  to  obtain  any  bacterial  growth 
in  a  number  of  cases  presenting  pus  in  the  vesicles. 

A  review  of  the  tabulated  cases  reveals  the  fact  that  in  twenty- 
one  or  over  40  per  cent,  spermatozoa  occurred  in  the  presence 
of  evidence  of  inflammation,  either  bacteria  or  pus  or  both. 
Obviously,  the  zoosperms  were  all  dead.  In  fourteen  cases  ex- 
hibiting signs  of  spermatocystitis,  or  approximately  27  per  cent, 
no  spermatozoa  were  discoverable. 

CONCLUSIONS 

1.  The  seminal  vesicles  harbor  spermatozoa  after  death,  and 
therefore  presumably  during  life. 

2.  This  function  is  exercised  in  the  presence  of  inflammation 
(spermatocystitis),  although  in  a  large  percentage  of  inflamma- 
tory cases  no  spermatozoa  can  be  found  (post-mortem). 

3.  The  determination  of  the  viability  of  the  zoosperm  in  the 
presence  of  seminal  vesiculitis,  the  exact  identification,  classi- 
fication and  relative  frequency  of  the  invading  bacteria,  par- 
ticularly with  reference  to  gonorrhoea,  are  questions  impossible 
of  solution  by  post-mortem  investigation,  and  will  constitute  a 
secondary  and  final  report  after  bacteriological  and  microscopi- 
cal study  conducted  in  conjunction  with  seminal  vesiculotomy 
on  the  living  subject. 
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THE  RELATION  OF  THE  NON-PROTEIN  NITROGEN 
TO  THE  UREA  NITROGEN  OF  THE  BLOOD 

HERMAN  O.  MOSENTHAL  and  ALMA  HILLER 
From  the  Medical  Clinie  of  the  Johns  Hopkins  Hospital 

Many  of  the  observations  dealing  with  the  relation  of  the 
non-protein  nitrogen  to  the  urea  nitrogen  of  the  blood  were  ob- 
tained several  years  ago  by  methods  which  did  not  yield  results 
strictly  comparable  with  those  of  today.  Hence,  additional 
data  on  this  subject  have  a  considerable  degree  of  interest, 
particularly  in  the  study  of  diseases  associated  with  renal 
insufficiency. 

The  micro-methods,  as  employed  at  present  for  the  deter- 
mination of  urea,  are  much  more  rapid  and  easier  of  manipula- 
tion than  those  for  non-protein  nitrogen  of  the  blood.  The 
question,  therefore,  constantly  arises:  wiU  the  urea  nitrogen  of 
the  blood  yield  data  whereby  the  presence  or  absence  of  reten- 
tion of  waste  produ'cts  may  be  adequately  judged,  or  must  the 
total  non-protein  nitrogen  be  determined  as  well? 

The  methods  employed  in  this  investigation  were  the  pro- 
cedure of  FoUn  and  Denis  (1)  for  the  non-protein  nitrogen  and 
that  of  Marshall  (2)  for  the  urea  nitrogen  in  the  blood.  The 
material  studied  in  the  present  series  consists  of  306  observations 
on  165  patients.  In  order  to  save  space  and  render  the  con- 
clusions clearer,  only  a  few  of  these  are  discussed  in  detail;  the 
majority  are  summarized  in  the  tables.  The  upper  normal  limit 
of  non-protein  nitrogen  has  been  regarded  as  30  mgm.  per  100 
cc.  of  blood,  that  for  urea  nitrogen  as  15,  for  reasons  set  forth 
a  short  time  ago  (3),  and  the  tabulations  have  been  made  on 
this  basis. 

The  value  given  for  the  non-protein  nitrogen  of  the  blood 
varies  much  with  the  method  employed  in  its  determination. 
The  different  coagulants  used  to  separate  the  protein  from  the 
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non-protein  part  of  the  blood  evidently  precipitate  unequal 
fractions.  Thus,  the  trichloracetic  method  of  Greenwald  (4) 
yields  considerably  higher  results  for  the  non-protein  nitrogen 
than  the  methyl  alcohol  method  of  Folin.  This  is  confirmed  by 
our  experience.  Much  of  the  acetone-free  methyl  alcohol  ob- 
tained during  the  last  four  years  has  been  unsatisfactory  in 
that  it  contained  a  considerable  amount  of  nitrogen  and  be- 
cause it  did  not  precipitate  a  constant  nitrogenous  fraction  as 
protein.  Hence,  ethyl  alcohol  was  used  and  yielded  good  re- 
sults^ provided  the  alcohol-blood  mixture  was  allowed  to  stand 
twenty-four  hours  before  filtering.  Under  these  circumstances, 
the  figures  for  non-protein  nitrogen  were  duphcates  of  those 
obtained  with  the  satisfactory  grades  of  methyl  alcohol.  The 
results  of  non-protein  nitrogen  determinations  of  the  blood  are 
therefore  comparable  when  similar  methods  are  employed;  if 
compared  with  other  data,  due  allowance  must  be  made  for 
possible  differences  in  the  chemical  procedures.  All  the  cases 
studied  are  summarized  in  table  1. 

TABLE  1 
Percentage  of  total  non-protein  nitrogen  of  the  blood  existing  as  urea  nitrogen  in 

all  cases  examined 


UREA  N  PER  CENT  OF  TOTAL 

MILLIGRAMS  OP  NON-PROTEIN  NITROGEN  PER  100 

CO.  BLOOD 

0-30 

31-40 

41-60 

51-60 

61-70 

71-80 

81-90 

91-100 

101  + 

0-40 

20 

0 

0 

0 

0 

0 

0 

0 

0 

41-50 

32 

5 

2 

2 

0 

0 

0 

0 

1 

51-60 

37 

12 

3 

0 

3 

0 

0 

1 

2 

61-70 

29 

8 

4 

5 

0 

2 

1 

3 

8 

71-80 

13 

12 

4 

4 

4 

4 

4 

2 

27 

81-90 

1 

5 

1 

1 

2 

6 

2 

2 

24 

91-f 

1 

1 

0 

0 

1 

0 

1 

0 

4 

Total    number    of    observa- 

tions  

133 

43 

14 

12 

10 

12 

8 

8 

66 

Average  per  cent  urea  N  of 

total  non-protein  nitrogen. 

54.9 

65.7 

64.3 

66.7 

73.0 

78.3 

78.8 

71.2 

77.6 

*  In  this  as  well  as  the  similarly  designed  subsequent  tables,  the  scale  at  the 
top  represents  the  milligrams  of  non-protein  nitrogen  per  100  cc.  of  blood;  the 
scale  at  the  left  the  percentage  of  urea  nitrogen  of  the  total  non-protein  nitro- 
gen; the  inserted  figures  the  number  of  determinations  falling  in  each  group. 
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From  table  1  it  is  apparent  that  as  the  non-protein  nitrogen 
of  the  blood  rises  it  is  accompanied  by  a  disproportionately- 
rapid  increase  in  the  urea.  This  is  expressed  in  the  upward 
trend  of  the  percentage  figures  for  the  urea  nitrogen  of  the 
total  non-protein  nitrogen.  This  finding  bears  out  the  obser- 
vations of  Farr  and  Austin  (5),  Tileston  and  Comfort  (6),  as 
well  as  of  authors  working  with  other  methods,  notably  Hohl- 
weg  (7)  and  Obermeyer  and  Popper  (8).  Woods  (9),  on  the 
other  hand,  reports  that  the  urea  nitrogen  in  cases  of  chronic 
nephritis,  whether  the  non-protein  nitrogen  of  the  blood  be  high 
or  low,  maintains  roughly  the  same  concentration  of  63.4  per 
cent.  In  the  present  observations  this  is  true  neither  of  the 
cases  taken  as  a  whole  (table  1)  nor  of  the  instances  of  chronic 
nephritis  (table  3). 

TABLE  2 

Approximate  percentages  of  urea  N  as  total  non-protein  nitrogen  increases  in  the 

blood 


TOTAL   NON-PROTEIN   NITROGEN' 

APPROXIMATE   UREA    N 

Mgm.  per  100  cc.  blood 

Percentage  of  total  non-protem  nitrogen 

0-30 

55 

31-60 

65 

61+ 

75 

From  table  1  it  is  possible  to  construct  an  approximate  guide 
for  estimating  the  non-protein  nitrogen  from  the  urea  nitrogen, 
and  vice  versa,  when  only  one  of  the  two  determinations  is 
available.     Such  a  scale  is  showTi  in  table  2. 

The  material  has  been  subdivided  as  follows  for  more  detailed 
tabulation : 

1.  Chronic  nephritis,  not  including  the  cases  complicated  by 
myocardial  insuflSciency  or  uremia  (table  3). 

2.  Nephritis,  compUcated  by  uremia  (table  4). 

3.  Myocardial  insufficiency,  not  associated  with  nephritis 
(table  5). 

4.  Chronic  nephritis,  associated  with  myocardial  insufficiency 
(table  6). 

5.  Acute  nephritis  (table  7). 
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6.  Cases  with  a  high  non-protein  nitrogen  in  the  blood,  but 
not  suffering  with  nephritis  or  myocardial  insufficiency.  (This 
group  included  cases  of  polycystic  kidney,  bichloride  of  mer- 
cury poisoning,  tabes  dorsalis,  diabetes  mellitus,  amyloidosis 
and  hypertrophied  prostate.) 

TABLE  3 
Cases  of  chronic  nephritis,  not  including  those  complicated  by  myocardial  insuffi- 


ctency  or 

uremia 

UREA    N  PER  CENT   OF   TOTAL 

MILLIORAMS 

OF  NON-PROTEIN  NITROQEN  PER  100  CC.  BLOOD 

0-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

101  + 

0-40 

7 

0 

1 

0 

0 

0 

0 

0 

0 

41-50 

15 

2 

1 

3 

0 

0 

0 

0 

0 

51-60 

15 

9 

1 

0 

3 

0 

0 

0 

0 

61-70 

13 

3 

2 

1 

0 

2 

0 

2 

2 

71-80 

3 

6 

3 

2 

3 

1 

2 

0 

4 

81-90 

0 

4 

0 

1 

1 

4 

0 

0 

1 

91-100 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Total   number   of   observa- 

tions  

53 

24 

8 

7 

7 

7 

2 

2 

9 

Average  per  cent  urea  N  of 

total  non-protein  nitrogen. 

53.8 

65.4 

61.9 

62.1 

67.9 

77.9 

75.0 

65.0 

78.3 

TABLE  4 
Cases  of  nephritis  complicated  by  uremia 


UREA   N  PER  CENT   OF  TOTAL 

MILLIORAMB  OF  NON-PROTEIN  NITROGEN 

PER   100  CC.   BLOOD 

0-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

101  + 

0-40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

41-50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

51-60 

0 

0 

0 

0 

0 

0 

0 

0 

1 

61-70 

0 

0 

0 

0 

0 

0 

0 

1 

3 

71-80 

2 

2 

0 

0 

0 

0 

1 

1 

12 

81-90 

0 

2 

0 

0 

0 

1 

0 

1 

12 

91-100 

0 

0 

0 

0 

0 

1 

1 

0 

1 

Total   number   of   observa- 

tions  

2 

4 

0 

0 

0 

2 

2 

3 

29 

Average  per  cent  urea  N  of 
total  non-protein  nitrogen. 

75.0 

80.0 

90.0 

85.0 

75.0 

78.1 
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The  conclusions  which  may  be  drawn  from  these  statistics 
are  as  follows: 

In    chronic    nephritis,    not    complicated    by   myocardial   in- 

TABLE  5 
Cases  of  myocardial  insufficiency  not  complicated  by  nephritis 


tTBBA   N  PER  CENT  OP  TOTAL 

imXJQRAllS 

OP  NON-PBOTEIJJ  NTTBOGEN 

PER    100  CC.    BLOOD 

0-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

101  + 

0-40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

41-50 

2 

0 

0 

0 

0 

0 

0 

0 

0 

51-60 

6 

0 

0 

0 

0 

0 

0 

0 

0 

61-70 

4 

0 

0 

0 

0 

0 

0 

0 

0 

71-80 

2 

1 

0 

0 

0 

0 

0 

0 

0 

81-90 

0 

1 

0 

0 

0 

0 

0 

0 

0 

91-100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total    number   of   observa- 

tions  

14 

2 

0 

0 

0 

0 

0 

0 

0 

Average  per  cent  urea  N  of 

total  non-protein  nitrogen. 

59.3 

80.0 

TABLE  6 
Cases  of  chronic  nephritis  complicated  by  myocardial  insufficiency 


UREA    N  PER  CENT   OP   TOTAL 

MILLIGBAMa 

OP   NON-PROTEIN   NITBOGEN 

PEB   100  CC.   BLOOD 

NON-PBOTELS    NITROGEN 

0-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

101  4- 

0^0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

41-50 

2 

1 

1 

0 

0 

0 

0 

0 

0 

51-60 

0 

0 

0 

0 

0 

0 

0 

0 

61-70 

3 

0 

1 

0 

0 

0 

0 

0 

71-80 

2 

0 

0 

0 

0 

0 

0 

0 

81-90 

0 

0 

0 

0 

0 

1 

0 

1 

91-100 

0 

0 

0 

1 

0 

0 

0 

1 

Total   number   of   observa- 

tions   

11 

6 

1 

1 

1 

0 

1 

0 

2 

Average  per  cent  urea  N  of 

total  non-protein  nitrogen. 

64.5 

65.0 

45.0 

65.0 

95.0 

85.0 

90.0 

suflBciency  or  uremia,  the  relation  of  the  urea  nitrogen  to  the 
total  non-protein  nitrogen  of  the  blood  shows  that  the  urea 
increases   faster   than   the   non-protein   nitrogen,    the   increase 
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being  very  similar  to  that  which  is  found  when  all  the  cases  are 
averaged  (table  1),  and  presenting  no  special  characteristics. 
In  cases  of  nephritis  complicated  by  uremia,  the  percentage  of 


TABLE  7 
Cases  of  acute  nephritis 


UREA    N   PER   CENT    OF   TOTAL 

MILLIGRAMS 

OF  NON-PEOTEIN  NITROGEN 

PER    100  CC.    BLOOD 

0-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

lOI-f- 

0-40 

1 

0 

0 

0 

0 

0 

0 

0 

0 

41-50 

3 

0 

0 

0 

0 

0 

0 

0 

0 

51-60 

2 

0 

1 

0 

0 

0 

0 

0 

0 

61-70 

2 

1 

1 

1 

0 

0 

0 

0 

0 

71-80 

2 

1 

0 

2 

0 

0 

1 

0 

1 

81-90 

0 

0 

0 

0 

0 

1 

0 

0 

3 

91-100 

0 

1 

0 

0 

0 

1 

0 

0 

0 

Total   number    of   observa- 

tions  

10 

3 

2 

3 

0 

2 

1 

0 

4 

Average  per  cent  urea  N  of 
total  non-protein  nitrogen. 

56.5 

78.3 

60.0 

71.7 

90.0 

75.0 

82.5 

TABLE  8 
Cases  with  high  total  non-protein  nitrogen  in  blood,   not  included  in  previous 

groups 


UREA  N  PER  CENT  OP  TOTAL 

MILLIGRAMS   OF   NON-PROTEIN  NITROGEN  PER    100   CC 

.    BLOOD 

NON-PROTEIN  NITROGEN 

41-50 

51-60 

61-70 

71-80 

81-90 

91-100 

101  + 

0-40 

0 

0 

0 

0 

0 

0 

0 

41-50 

0 

1 

0 

0 

0 

0 

0 

51-60 

1 

0 

0 

0 

0 

1 

0 

61-70 

0 

1 

0 

0 

1 

0 

1 

71-80 

0 

0 

1 

2 

2 

1 

2 

81-90 

0 

0 

1 

0 

1 

0 

4 

91-100 

0 

0 

0 

0 

0 

0 

1 

Total  number  of  observations 

1 

2 

2 

2 

4 

2 

8 

Average  per  cent  urea  N  of  total 

non-protein  nitrogen 

55.0 

55.0 

80.0 

75.0 

75.0 

65.0 

81.3 

urea  nitrogen  has  a  tendency  to  be  higher  than  in  any  other 
class  of  cases.  Especially  noteworthy  is  the  value  of  75  to  80 
per  cent  in  instances  in  which  the  non-protein  nitrogen  of  the 
blood  is  40  mgm.  per  100  cc.  or  less. 
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Cases  of  myocardial  insufficiency  show  a  marked  rise  in  the 
percentage  of  urea  nitrogen  in  those  rather  rare  instances  when 
the  non-protein  nitrogen  increases  in  the  blood  beyond  the  normal 
of  30  mgm.  per  100  cc. 

Patients  suffering  with  chronic  nephritis  compHcated  by 
myocardial  insufficiency  accumulate  urea  more  rapidly  in  pro- 
portion to  the  other  non-protein  nitrogenous  constituents  of  the 
blood  than  do  the  cases  of  chronic  nephritis  not  associated  with 
myocardial  insufficiency. 

Cases  "wdth  acute  nephritis  exhibit  a  decidedly  higher  percent- 
age of  urea  nitrogen  than  do  the  instances  of  chronic  nephritis. 

The  cases  with  a  high  non-protein  nitrogen  in  the  blood,  not 
included  in  the  previous  groups,  have  a  lower  proportion  of  urea 
nitrogen  to  the  total  non-protein  nitrogen  of  the  blood  than 
those  afflicted  with  uremia,  and  they  approximate  the  figures 
given  for  chronic  nephritis. 

These  general  conclusions  require  a  close  analysis  before  they 
can  be  utilized  in  clinical  medicine  or  to  point  the  way  towards 
the  solution  of  many  problems  in  pathological  physiology  and 
chemistry.    The  present  observations  call  for  but  few  comments. 

The  cases  with  the  normal  total  non-protein  nitrogen  of  the 
blood — that  is,  less  than  30  mgm.  per  100  cc,  show  a  higher 
proportion  of  urea  nitrogen  than  the  normal  of  50  per  cent. 
This  finding  has  been  frequently  commented  on  since  Folin 
and  Denis  (10)  demonstrated  that  even  cases  without  apparent 
renal  involvement  exhibited  this  phenomenon. 

Recently,  Slemons  and  Morriss  (11)  furnished  very  striking 
proof  of  this  observation.  These  investigators  found  that  dur- 
ing pregnancy,  with  the  occurrence  of  comphcations  not  neces- 
sarily related  to  renal  impairment  (psychosis,  obstetrical  opera- 
tions, cardiac  lesions,  and  still-bom  infants),  the  percentage  of 
urea  nitrogen  was  considerably  raised  in  the  mother  and  the 
fetus  as  well,  although  the  total  non-protein  nitrogen  of  the 
blood  remained  within  the  normal  range. 

The  average  of  54.9  per  cent  in  the  present  series  is  not  very 
far  above  the  normal  of  50  per  cent.  In  every  class  of  cases 
except  in  that  of  the  uremics  charted  in  this  series,  there  are 
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many  instances  in  which  the  urea  percentage  of  the  total  non- 
protein nitrogen  is  less  than  50.  Taking  these  facts  into  con- 
sideration, it  becomes  a  question  of  extreme  interest  to  estab- 
lish the  exact  relation  of  these  figures  to  uremia.  From  the 
present  data  it  would  seem  that  every  case  of  uremia  exhibiting 
a  low  total  non-protein  nitrogen  in  the  blood  revealed  an  abnor- 
mally high  percentage  of  urea  nitrogen,  while  the  reverse,  that 
every  case  with  normal  total  non-protein  nitrogen  with  a  high 

TABLE  9 
All  cases  exhibiting  a  high  percentage  (70  per  cent  or  higher)  of  urea  nitrogen,  the 
total  non-protein  nitrogen  being  within  normal  limits,  that  is,  SO  mgm.  per  100 
CO.  or  less 


Chronic  nephritis 

Chronic  nephritis 

Uremia 

Lobar  pneumonia 

Pyelitis 

Chronic  nephritis 

Uremia 

Chronic  nephritis 

Myocardial  insuflSciency 

Myocardial  insuflficiency 

Chronic  nephritis 

Acute  nephritis 

Tabes  dorsalis 

Chronic   nephritis    and   myocardial   in 

sufficiency 

Chronic   nephritis   and   myocardial    in 

sufficiency 


MILLIGRAMS  PER   100  CC.   BLOOD 


Total  Non-Pro- 
tein Nitrogen 


23 
27 
24 
24 
24 
30 
23 
23 
27 
24 
21 
25 
29 

23 

22 


Urea  N 


16 
19 
17 
17 
17 
22 
17 
17 
20 
18 
16 
19 
23 

19 

20 


PER  CENT  TTREA 

N   OF  TOTAL 

NON-PROTEIN 

NITROGEN 


70 
71 
71 
71 
71 
73 
74 
74 
74 
75 
76 
76 
79 

83 

91 


percentage  of  urea  nitrogen  had  a  tendency  to  uremia  certainly 
was  not  true.  The  observations  covering  this  point  in  the  course 
of  uremia  are  very  few.  However,  such  cases  are  rarities,  and 
it  is  the  scarcity  of  material  in  this  field  that  has  prevented  the 
accumulation  of  more  data.  All  cases  with  normal  total  non- 
protein nitrogen  of  the  blood  and  a  comparatively  high  per- 
cent age  of  urea  nitrogen  (70  per  cent  or  over)  are  presented  in 
table  9.    Except  for  the  possible  fact  that  uremia  does  not 
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occur  when  the  urea  nitrogen  is  less  than  70  per  cent  of  the  total 
non-protein  nitrogen,  the  high  values  of  urea  nitrogen,  while  the 
total  non-protein  nitrogen  is  within  normal  limits,  do  not  fur- 
nish data  of  diagnostic  value. 

In  acute  renal  disease,  followed  by  improvement,  the  percent- 
age of  urea  nitrogen  in  the  blood  may  rise  and  again  return  to 
the  normal  of  50  per  cent  or  less,  thus  reflecting  the  progress  of 
the  condition.  One  case  of  this  sort  is  cited  in  table  10.  There 
is  one  point  demanding  emphasis  seen  in  this  and  many  similar 
cases :  the  high  percentage  of  the  urea  nitrogen  is  not  necessarily 

TABLE  10 

Data  from  a  case  of  acute  nephritis,  demonstrating  the  change  from  a  high  to  a  nor- 
mal percentage  of  urea  nitrogen  during  convalescence.  Med.  No.  S4901.  Male, 
age  25.  Acute  nephritis,  recovering  almost  completely  vnthin  the  period  covered 
by  the  observations 


MILIJGBAM8  PER  100  CC.  BLOOD 

PER  CENT  nREA 

DATE 

Total 

non-protein 

nitrogen 

UreaN 

NON-PROTEIN 
NITBOOEN 

October       27 

60 
57 
49 
32 
19 
14 
16 
18 

45 

36 

27 

22 

12 

9 

9 

8 

75 

November    1 

63 

November    3 

55 

November  30 

69 

December     6 

63 

December     8 

64 

December  13 

56 

December  20 

44 

associated  with  the  accumulation  of  these  substances  in  the  blood, 
but  will  be  present  even  when  they  are  normal  in  quantity. 
Thus,  in  the  present  instance  (table  10),  on  December  6,  8  and 
13,  while  the  total  non-protein  nitrogen  is  distinctly  within 
normal  limits,  the  percentage  of  the  urea  nitrogen  is  63,  64  and 
56,  and  only  reaches  the  normal  of  less  than  50  per  cent  (44  per 
cent  in  this  observation)  a  week  later,  when  convalescence  is 
almost  complete.  To  a  certain  extent,  therefore,  the  increased 
percentage  of  urea  nitrogen  may  be  regarded  as  a  sign  of  renal 
insufficiency,  even  when  the  total  non-protein  nitrogen  is  within 
normal  limits. 
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The  relation  of  the  urea  nitrogen  to  the  total  non-protein 
nitrogen  exhibits  a  tendency  to  remain  unchanged  in  each  pa- 
tient. Thus,  three  cases  of  chronic  nephritis  over  considerable 
periods  showed  a  fairly  constant  concentration  of  urea  nitrogen 
at  a  normal  level  (table  11),  at  a  level  of  65  per  cent  (table  12) 
and  at  70  to  80  per  cent  respectively  (table  13).  This  moderate 
fixation  is  not  to  be  accounted  for  by  unvarying  values  of  the 
total  non-protein  nitrogen,  for  in  each  patient  these  fluctuated 
widely.  It  is  exceedingly  difficult  to  determine  in  what  func- 
tion or  functions  this  regulation  lies.  The  protein  katabolism 
and  anabolism  may  result  in  exceedingly  marked  loss  or  reten- 
tion of  nitrogen,  which  at  times  may  be  reflected  in  the  level  of 
the  total  non-protein  nitrogen  and  urea  nitrogen  of  the  blood,  at 
others,  not;  in  spite  of  this,  the  percentage  of  urea  nitrogen  re- 
mains fairly  constant  (tables  12  and  13).  Myers  and  Lough  (12) 
have  shown  how  the  kidney,  as  its  efficiency  becomes  diminished, 
has  a  progressive,  selective  action  in  its  inability  to  excrete  the 
various  non-protein  nitrogenous  constituents  found  in  the 
urine.  This  probably  plays  a  very  great  role  in  influencing  the 
percentage  composition  of  the  various  non-protein  nitrogenous 
components  of  the  blood. 

It  is  tempting  to  assmne  that  the  metabolic  activities  of  the 
tissues  through  increased  protein  breakdown  may  also  be  re- 
sponsible for  part  of  the  picture.  However,  when  cases  are 
examined  in  which  there  is  retention  of  nitrogen  due  to  renal 
insufficiency  alone,  not  complicated  by  changes  in  the  other 
tissues  of  the  body,  the  same  high  percentage  of  urea  nitrogen  is 
demonstrated.  Polycystic  disease  of  the  kidney  represents  such 
a  condition.  A  case  of  this  kind  was  studied  through  the  cour- 
tesy of  Dr.  L.  F.  Barker,  and  was  found  to  have  the  same  in- 
crease in  the  percentage  of  the  urea  nitrogen  in  the  blood  as  the 
instances  of  nephritis. 

When  anuria  is  present  and  when  the  non-protein  nitrogenous 
products  are  retained  in  their  entirety,  there  is  an  almost  im- 
mediate rise  in  the  percentage  of  the  urea  nitrogen  of  the  total 
non-protein  nitrogen  of  the  blood.  This  may  be  noted  in  the 
dog  experiment  (table  15)  and  in  the  case  of  bichloride  poison- 


NON-PROTEIN   NITROGEN   AND   UREA  NITROGEN 


85 


TABLE  11 

Data  from  a  case  of  chronic  nephritis  exhibiting  an  increased  total  non-protein 
nitrogen  in  the  blood  until  a  very  low  protein  diet  was  resorted  to.  The  per- 
centage of  urea  N  was  tpilh  one  exception  tntkin  normal  limits.  Med.  No.  S4S4S. 
Male,  age  S5 


MILLIGRAMB  PER  100  CC.  BLOOD 

PER  CENT  UREA 

N  OF  TOTAL 

NON-PROTEIN 

NITROGEN 

DATE 

Total 

non-protein 

nitrogen 

Urea  N 

November  13           .    .       

59 
62 
22 
24 
14 
16 

23 
26 
12 
12 
5 
8 

39 

November  15 

42 

November  21 

55 

November  29 

50 

December     7 

36 

December  12 

50 

TABLE  12* 

Data  from  a  case  of  chronic  nephritis  with  a  fairly  constant  percentage  of  the 
urea  N  {about  65).  The  absolute  quantity  of  the  total  non-protein  nitrogen  and 
urea  N  of  the  blood,  as  well  as  their  relative  proportions,  bear  little  relation  to 
the  retention  or  loss  of  nitrogen  to  the  body  as  a  whole 


MILLIGRAMS   PER 
100  CC.  BLOOD 

PER 
CENT 
UREA 
NOF 

TOTAL 
NON- 
PRO- 
TEIN 

NITRO- 
GEN 

N  GRAM8  PER  DAT  FOR  INTERVAL 
BETWEEN  BLOOD  DETERMINATION8 

NoRAia 

DATE 

Total 
non- 
protein 
nitro- 
gen 

Urea  N 

Urine 

Feces 

Output 

Intake 

Balance 

BALAKCK 

FOB 
WHOLE 
PERIOD 

January     14 

February    8 

February  18 

February  22 

March          5 

March        17 

36 
50 
32 
30 
29 
26 

23 
33 
22 
20 
18 
15 

64 
66 
69 
67 
62 
58 

13.37 
12.14 
9.10 
16.02 
19.34 

loot 

0.90 
1.03 
1.50 
1.87 

14.37 
13.04 
10.13 
17.52 
21.21 

12.50 
13.52 

13.26 
16.17 
17.74 

-1.87 

+0.48 
+3.13 
-1.35 
-3.47 

-46.75 
+  4.80 
+  12.52 
-14.85 
-41.64 

*  The  methods  employed  in  obtaining  the  data  in  tables  12  and  13  were  the 
Kjeldahl  procedure  for  the  nitrogen  values  in  the  urine  and  feces  and  the  tables 
of  Atwater  and  Bryant  to  determine  the  protein  and  nitrogen  content  of  the 
foods:  United  States  Dept.  of  Agriculture,  Bulletin  No.  28  (Revised  Edition), 
1906. 

t  Nitrogen  content  of  feces  estimated  in  this  period. 
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TABLE  13 
Data  from  a  case  of  chronic  nephritis  with  a  fairly  constant  percentage,  of  70-80 
of  the  urea  N  regardless  of  whether  the  total  non-protein  nitrogen  is  high  or  low. 
The  absolute  quantity  of  total  non-protein  nitrogen  and  urea  N  of  the  blood,  as 
well  as  their  relative  proportions,  do  not  bear  a  constant  relation  to  the  retention 
or  loss  of  nitrogen  to  the  body  as  a  whole.     Med.  No.  S4557.     Male,  age  25 


9 

MILLIGRAMS   PER 
100  CC.  BLOOD 

PER 
CENT 
UHEA 
N  OF 
TOTAL 
NON- 
PRO- 
TEIN 
NITRO- 
GEN 

N  GRAMS  PER  DAY  FOR  INTERVAL 
BETWEEN  BLOOD  DETERMINATIONS 

N  GRAMS 

DATI 

Total 
non- 
protein 
nitro- 
gen 

Urea 

N 

Urine 

Feces 

Output 

Intake 

Balance 

BALANCE 

FOR 

WHOLE 

PERIOD 

October 

8 

125 

99 

79 

October 

14 

145 

126 

87 

2.76 

0.89 

3.65 

1.02 

-2.63 

-15.78 

October 

21 

123 

103 

84 

5.00 

0.71 

5.71 

1.49 

-4.22 

-29.54 

October 

29 

66 

49 

74 

5.56 

0.62 

6.18 

2.04 

-4.14 

-33.12 

November  16 

95 

63 

66 

3.84 

1.00 

4.84 

6.31 

+  1.47 

+26.46 

November  23 

79 

55 

70 

4.45 

0.36 

4.81 

7.25 

+2.44 

+  17.08 

November  31 

41 

30 

73 

3.59 

0.85 

4.44 

2.68 

-1.86 

-13.02 

December 

6 

32 

23 

72 

3.09 

0.97 

4.06 

2.83 

-1.23 

-  7.38 

December 

10 

36 

26 

72 

2.86 

0.56 

3.42 

4.18 

-0.76 

-  3.04 

January 

12 

68 

52 

76 

2.77 

0.80 

3.57 

4.27 

-0.70 

-23.10 

January 

25 

63 

45 

71 

3.18 

0.85 

4.03 

3.03 

-1.00 

-13.00 

February 

19 

194 

153 

79 

1.96 

1.03 

2.99 

3.93 

+0.94 

+23.50 

February 

23 

192 

149 

78 

3.17 

2.98 

6.15 

2.79 

-3.36 

-13.44 

March 

3 

216 

170 

79 

3.52 

2.80 

6.32 

5.79 

-0.53 

-  4.77 

March 

9 

205 

161 

79 

2.99 

4.39 

7.38 

5.76 

-1.62 

-  9.72 

March 

10 

210 

174 

83 

2.64 

3.39 

6.03 

5.89 

-0.14 

-  0.14 

March 

11 

212 

175 

83 

1.99 

3.90 

5.89 

6.29 

+0.40 

+  0.40 

March 

15 

210 

168 

80 

0.66 

3.69 

4.35 

7.50 

+3.15 

+12.60 

March 

19 

196 

144 

74 

1.05 

2.50 

3.55 

5.01 

+1.46 

+  5.84 

March 

20 

210 

168 

80 

0.92 

1.51 

2.43 

7.09 

+4.66 

+  4.66 

March 

21 

222 

175 

79 

died 

ing  reported  by  Lewis  and  Rivers  (13)  from  this  laboratory. 
The  same  methods  were  employed  in  the  observations  of  these 
authors,  hence,  their  figures  are  comparable  to  those  reported 
in  the  present  series.  They  found  that  as  the  non-protein  ni- 
trogenous products  accumulated  in  the  blood,  the  urea  nitrogen 
increased  more  rapidly  than  the  remainder.  The  percentage  of 
urea  nitrogen  reached  the  level  of  83  per  cent  and  gradually 
returned  to  a  normal  of  50  per  cent  or  less  as  the  kidneys  recov- 
ered.   In  this  instance,  as  Lewis  and  Rivers  indicate,  tissue 
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destruction  may  have  an  influence,  though  a  minor  one.  After 
nephrectomy  in  the  dog,  which  may  be  regarded  as  an  example 
of  maximal  uncompUcated  renal  insuflficiency,  the  percentage  of 
urea  nitrogen  rapidly  rose  as  high  as  86  per  cent,  and  remained 
in  this  neighborhood  until  death  supervened. 
Taking  these  facts  into  consideration,  it  would  seem  that 


TABLE  14 


Data  from  a  case  of  congenital  polycystic  kidneys.  There  is  a  high  percentage  of 
urea  N  in  this  patient,  who  may  be  considered  to  exhibit  a  type  of  renal  insuf' 
ficiency  not  complicated  by  abnormal  metabolic  conditions  in  other  tissues.  Med. 
No.  SSUl-     Male,  age  4S 


February  6 
February  10 
February  19 
March         2 


iniXIQRAMS  FEB  100  CC.  BLOOD 


Total  non- 
protein nitrogen 


86 
112 

86 


UreaN 


70 
90 

69 
62 


per  cent  ubea 

n  oftotai. 

non-protehc 

^1TBOaEN 


81 
80 
80 
70 


TABLE  IS 
Data  from  a  nephrectomized  dog.     The  percentage  of  the  terea  N  rapidly  rises 


MILXJQRAMB  PER  100  CC.  BLOOD 

PER  CENT  UREA 

N  OF  TOTAL 

NON-PROTEIN 

NTPHOOEN 

Total  non- 
protein nitrogen 

UreaN 

December    6 

December    7 

December    8 

December    9 

December  10 

23 

78 
138 
205 
275 

10 

54 
119 
166 
232 

44 

69 
86 
81 
84 

Blood    obtained    at 
time    of    nephrec- 
tomy 

Died 

ordinarily  when  protein  material  is  metaboUzed,  approximately 
80  per  cent  of  the  nitrogen  passes  into  the  blood  in  the  form  of 
urea,  which  is  the  percentage  of  urea  nitrogen  found  in  the 
normal  urine.  Kidneys  whose  fimction  is  not  involved  main- 
tain the  percentage  of  urea  nitrogen  of  the  total  non-protein 
nitrogen  at  a  level  of  50  per  cent  or  less  in  the  blood.     As  the 
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kidneys  become  inefficient,  their  impairment  of  function  is  re- 
corded in  a  rise  of  the  percentage  of  urea  nitrogen. 

CONCLUSIONS 

1.  The  body  usually  metabolizes  protein  in  such  a  manner 
that  approximately  80  per  cent  of  the  nitrogen  set  free  in  the 
blood  is  in  the  form  of  urea.  The  selective  action  of  the  kidney 
maintains  the  urea  nitrogen  at  a  level  of  50  per  cent  or  less  of 
the  total  non-protein  nitrogen  of  the  blood.  An  impairment  of 
renal  function,  even  of  very  slight  degree,  may  result  in  an  in- 
crease of  the  percentage  of  urea  nitrogen. 

2.  The  increased  percentage  of  urea  nitrogen  may  occur 
whether  the  total  non-protein  nitrogen  is  high  or  low. 

3.  Cases  with  acute  renal  conditions  show  a  high  percentage 
of  the  total  non-protein  nitrogen  as  urea  nitrogen  of  the  blood, 
which  returns  to  normal  as  convalescence  occurs. 

4.  Individual  patients  whose  clinical  condition  does  not  vary 
appreciably  exhibit  a  constant  percentage  of  urea  nitrogen, 
whether  the  total  non-protein  nitrogen  be  high  or  low. 

5.  From  the  clinical  point  of  view,  figures  for  urea  nitrogen  are 
preferable  to  those  for  total  non-protein  nitrogen  because: 

a.  The  method  for  urea  nitrogen  of  the  blood  is  simpler. 

b.  The  methods  for  urea  nitrogen  are  perfected  so  that  they 
yield  constant  results  which  are  comparable  to  those  of  other 
observers,  while  this  is  not  true  of  the  various  means  of  determin- 
ing the  total  non-protein  nitrogen  of  the  blood. 

6.  The  percentage  of  the  non-protein  nitrogen  occurring  as  urea 
nitrogen,  as  well  as  the  other  non-protein  nitrogenous  fractions  in 
the  blood,  while  apparently  of  considerable  importance,  requires 
much  more  detailed  study  if  it  is  to  be  of  any  great  cUnical  sig- 
nificance in  the  future.  (This  does  not  refer  to  the  absolute 
quantities  of  many  of  these  constituents,  notably  urea,  creati- 
nine and  uric  acid,  which  are  better  understood  and  have  proved 
to  be  of  value  as  guides  to  the  clinician.) 
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THE  ADVANTAGE  OF  PYELOTOMY   DRAINAGE  FOR 
NEPHROTOMY  WOUNDS 

EDWARD  L.  KEYES,  JR. 

A  tradition  has  been  handed  dowTi  from  the  early  days  of  kid- 
ney surgery  warning  us  that  incisions  of  the  kidney  pelvis  heal 
badl5^  This  tradition  doubtless  had  its  origin  in  the  slow  heal- 
ing or  permanent  fistulae  resulting  from  simple  drainage  of  the 
widely  distended  pehds  of  a  hydronephrotic  kidney.  During  the 
past  decade  we  have  learned  that  the  kidney  pelvis  heals  fully  as 
well  as  the  kidney  parenchjona  if  there  is  no  obstacle  to  the  out- 
flow of  urine.  With  ureter  and  urethra  fre«  a  wound,  whether  in 
pehds  or  parenchyroa,  is  calculated  to  heal  quite  promptly. 
There  seems  little  need  of  protecting  the  wound  in  the  kidney 
pehds  by  wrapping  it  with  perirenal  fat,  indeed  one  sometimes 
even  doubts  the  necessity  of  suture,  for  unsutured  wounds  of 
the  pelvis  seem  to  heal  almost  as  quickly  as  do  those  that  are 
carefully  sutured,  on  the  condition  always  that  the  lower  uri- 
nary passages  are  free. 

On  the  other  hand,  it  has  been  my  misfortune  to  note  unexpect- 
edly slow  healing  in  a  number  of  nephrotomy  wounds.  These 
have  sometimes  continued  to  discharge  urine  two  or  three  weeks 
or  more,  even  when  there  was  no  very  evident  obstruction  to  the 
outflow  of  urine.  In  such  cases  the  indwelling  ureter  catheter, 
or  even  the  simple  passage  of  the  ureter  catheter  for  irrigation  of 
the  kidney  pelvis,  has  usually  sufficed  to  expedite  the  healing. 
Yet  I  do  not  at  present  recall  any  slow  healing  pyelotomy  wounds, 
though  it  has  been  my  custom  to  do  nothing  to  expedite  the  heal- 
ing of  these  wounds. 

It  is  further  to  be  noted  that  various  surgeons  have  made 
attempts  to  keep  the  upper  end  of  the  ureter  patent  after  cer- 
tain operations  upon  the  kidnej''  or  its  pelvis.  Thus  Albarran 
long  ago  introduced  the  indwelling  catheter  for  this  purpose, 
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and  Peck  has  suggested  the  insertion  into  the  upper  ureter  of  a 
catheter  for  the  purpose  of  keeping  this  open  during  the  first 
few  days  after  operation. 

These  various  impressions  have  recently  been  crystallized  in 
my  mind  by  the  following  experience: 

B.  F.,  an  Irish  laborer,  38  years  of  age,  entered  St.  Vincent's  Hos- 
pital in  February,  1916,  with  the  following  history: 

One  week  previously  he  was  in  perfectly  good  health,  and  had 
never  suffered  any  venereal  disease,  or  any  disease  referable  to  the 
urinary  organs.  On  that  day  he  had  occasion  in  the  course  of  his  work 
to  sit  for  two  hours  on  a  board  covered  with  ice.  Immediately  there  ■ 
after  he  felt  quite  a  severe  pain  in  the  left  loin,  which  lasted  a  few  hours 
and  then  disappeared  entirely.  That  night  he  urinated,  but  from  then 
on  for  six  days  he  had  not  urinated  a  single  drop.  He  had  been  re- 
peatedly catheterized  and  no  urine  obtained.  He  was  beginning  to 
feel  a  little  sleepy,  but  otherwise  thought  himself  quite  well. 

Physical  examination  revealed  a  vigorous  physique,  a  moderate 
over-distention  of  the  intestines  (although  he  said  his  bowels  had 
moved  daily),  a  systolic  blood  pressure  of  170,  a  coated  tongue,  no 
palpable  disorder  in  the  urinary  tract,  the  kidneys  insensitive  and 
impalpable. 

The  X-ray  showed  a  very  large  left  kidney,  and  no  kidney  shadow 
on  the  right  side. 

A  few  hours  after  his  admission  to  the  hospital  he  was  catheterized, 
and  no  urine  obtained.  By  this  time  he  had  become  slightly  cyanotic, 
and  was  a  little  irrational. 

Cystoscopy  revealed  an  absolutely  empty  bladder,  the  trigone  a 
little  blue  (apparently  corresponding  with  the  general  congestion  of 
his  body).  A  6  F.  ureter  catheter  was  inserted  readily  30  cm.  up  the 
left  ureter,  and  obtained  not  %  single  drop  of  urine.  Since  it  seemed 
probable  that  the  end  of  the  catheter  must  be  in  the  kidney  pelvis,  its 
function  was  tested  by  the  injection  of  a  2  cc.  boric  acid  solution,  which 
was  promptly  returned  but  without  any  addition  of  urine.  A  No.  6  F. 
ureter  catheter  was  inserted  5  cm.  up  the  right  ureter.  Since  this 
would  go  no  farther,  smaller  catheters  were  tried,  and  finally  a  filiform 
bougie,  but  none  of  them  passed  more  than  5  cm. 

The  patient  was  accordingly  promptly  turned  upon  his  left  side, 
and  the  right  loin  opened  by  the  usual  obhque  incision.  The  loin  was 
very  thoroughly  searched  from  Hver  to  beyond  the  pelvic  brim,  and 
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no  trace  of  kidney  or  ureter  found.  The  incision  was  accordingly- 
closed  around  a  small  tube,  and  the  opposite  loin  opened,  reveahng  a 
very  large  and  deeply  congested  kidney.  'Through  a  small  puncture 
in  the  convex  border  of  this  a  tube  was  inserted  into  the  pelvis,  where- 
upon 20  to  30  cc.  of  urine  gushed  forth  under  considerable  pressure. 
The  pelvis  was  palpated  and  the  upper  ureter  (which  felt  quite  normal) 
was  also  felt  but  not  very  carefully  exposed.  No  stone  was  discovered, 
and  the  wound  was  therefore  closed  around  the  kidney  drainage. 

The  immediate  convalescence  was  a  trifle  stormy;  the  patient  had  a 
dry  tongue,  and  was  distinctly  flighty  and  stupid  by  turns  for  about 
two  days,  after  which  he  recovered  without  any  further  compHcations. 

For  a  week  he  passed  no  urine  from  the  bladder,  but  at  the  end  of 
this  time,  to  my  great  surprise,  he  passed  on  a  single  occasion  about 
300  cc.  of  jrine.  He  then  bega^i  to  run  a  rather  irregular  temperature, 
and  would  pass  urine  at  irregular  intervals,  usually  about  once  a  day. 
Cystoscopy  was  accordingly  again  performed,  and  the  bladder  found  to 
contain  almost  pure  pus  from  which  the  streptococcus  was  cultivated. 
Meanwhile  the  urine  from  the  kidney  sinus  was  almost  clear. 

Under  bladder  irrigitions  with  silver  nitrate  this  infection  of  the 
bladder  promptly  cleared  up. 

March  20,  1916.  He  was  now  urinating  about  400  cc.  every  night 
from  the  bladder,  but  nothing  by  day.  I  accordingly  clamped  the 
loin  tube,  and  he  began  to  m-inate  about  a  liter  in  the  twenty-four 
hours. 

March  23.     Loin  tube  out. 

March  25.  Very  Uttle  urine  now  was  coming  from  loin;  patient 
was  urinating  three  times  a  night,  and  every  hour  by  day  with  some 
pain. 

March  27.    The  loin  sinus  seemed  to  be  closed. 

March  SO.  Temperature  rose  to  105°  yesterday;  then  the  loin 
opened,  the  tube  was  replaced,  and  the  temperature  subsided. 

Subsequent  to  this  I  made  an  attempt  to  insert  a  m-eter  catheter 
into  the  kidney  pelvis,  but  could  not  do  so.  Injection  of  thorium 
through  the  loin  sinus  filled  the  pelvis  of  the  kidney,  but  did  not  pass 
into  the  ureter.  The  tube  was  therefore  left  in  the  nephrotomy 
wound,  and  the  patient  sent  home  to  recuperate. 

July  18,  1916.  No  further  urine  having  been  passed  from  the  blad- 
der, and  the  patient  remaining  entirely  well  with  toe  tube  in  his  loin, 
he  re-entered  St.  Vincent's  Hospital  for  operation. 

Before  operation  an  intravenous  injection  of  phenolsulphonephthal- 
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ein  showed  in  the  urine  in  four  and  one-half  minutes,  25  per  cent  was 
excreted  in  thirty  minutes  thereafter,  and  11  per  cent  more  in  the 
following  sixty  minutes. 

Under  ether  anesthesia  the  left  kidney  was  exposed  through  an 
oblique  incision  running  parallel  and  close  to  the  old  wound.  The 
kidney  was  still  extremely  large  (doubtless  congenitally  so),  adherent 
all  about,  and  with  the  nephrotomy  hole  through  the  center  of  its  cor- 
tex. In  order  to  free  the  kidney  it  was  necessary  to  deliver  it  by 
stripping  off  its  fibrous  capsule.  This  was  then  cut  through  about  the 
pedicle,  revealing  the  kidney  pelvis  and  ureter.  The  ureter,  below  the 
kidney  pelvis,  was  found  chronically  inflamed  and  slightly  dilated, 
although  a  probe  could  be  readily  passed  through  it  down  into  the 
bladder.  But  on  attempting  to  pass  the  probe  upward  into  the  kid- 
ney pelvis  it  was  stopped  by  a  stricture  at  the  very  junction  of  ureter 
and  pelvis,  in  the  midst  of  a  mass  of  adhesions.  A  probe  was  accord- 
ingly passed  into  the  kidney  pelvis  through  the  nephrotomy  wound, 
and  projected  against  the  ureteral  orifice.  Upon  the  point  of  this 
probe  the  kidney  pelvis  was  incised,  and  this  incision  carried  vertically 
through  the  stricture  of  the  ureter.  Inismuch  as  no  lumen  could  be 
demonstrated  in  the  ureter  the  effort  to  cut  through  only  one  wall, 
and  to  spare  the  opposite  wall  of  the  ureter,  was  only  approximately 
successful. 

There  were  now  two  incisions  in  the  ureter  and  kidney  pelvis.  The 
first  (which  we  shall  denominate  No.  1)  in  the  upper  ureter;  the  sec- 
ond (No.  2)  beginning  about  2  cm.  above  this,  and  extending  through 
the  strictured  portion  of  the  ureter,  and  into  the  kidney  pelvis.  A 
rubber  tube  was  inserted  into  incision  No.  1,  passed  up  the  ureter,  out 
through  incision  No.  2,  and  in  again  to  the  kidney  pelvis,  so  that  it 
acted  both  as  a  drain  to  the  kidney  pelvis  and  as  a  splint  to  keep  No. 
2  open,  while  it  issued  from  the  ureter  in  incision  No.  1.  The  ne- 
phrotomy wound  was  then  closed  by  two  deep  catgut  sutures  in  the  pa- 
renchyma, a  large  tube  led  down  to  the  ureteral  and  pelvic  wounds, 
and  the  parietes  closed  in  layers. 

Convalescence  was  uneventful,  the  small  splinting  tube  was  re- 
moved on  the  third  day,  the  large  tube  on  the  sixth  day. 

On  the  fourth  day  the  patient  began  to  urinate. 

On  the  seventh  day  the  temperature  suddenly  shot  to  104°,  and 
remained  there  for  three  days  thereafter  with  a  good  deal  of  pain  in 
the  left  iliac  region  (at  this  time  most  of  the  urine  was  coming  from 
the  urethra).     Then  a  small  phosphatic  stone  was  passed,  the  tem- 
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perature  promptly  came  down,  and  all  the  urine  came  through  the 
urethra  thereafter. 

The  patient  wacs  out  of  bed  on  the  twelfth  day,  and  left  the  hospital 
healed  on  the  twentieth  day. 

December  18,  1916.  The  patient  has  been  in  perfect  health  since  his 
operation. 

The  following  conclusions  may  be  drawn  with  some  degree  of 
certainty  from  a  study  of  this  case : 

The  patient  had  a  congenital  absence  or  total  atrophy  of  the 
right  kidney,  and  the  left  kidney  was  congenitally  hypertro- 
phied.i  The  cause  of  the  anuria  is  not  quite  clear;  it  was  proba- 
bly due  to  ureteral  kinking  from  mobility  of  the  large  kidney. 
There  was  no  trace  of  stricture  at  the  upper  end  of  the  ureter, 
nor  indeed  of  any  adhesions  there,  at  the  time  of  the  first  opera- 
tion. Doubtless  the  stricture  and  the  adhesions  resulted  in  part 
from  the  trauma  of  operation,  in  part  from  the  streptococcus 
infection  that  followed.  The  small  phosphatic  ureteral  stone  is 
also  believed  to  have  been  secondary  to  this  infection.  This 
much  at  least  is  certain,  that  the  ureter  was  not  completely  blocked 
after  the  first  operation,  for  a  certain  amount  of  urine  could 
escape  down  the  ureter  more  than  a  month  thereafter. 

Hence  it  seems  not  improbable  that  the  nephrotomy  was  the 
actual  cause  of  the  ureteral  stricture  which  was  relieved  by  the 
subsequent  pyelo-ureterotomy.  No  attempt  was  made  at  any 
plastic  operation  because  the  tissues  were  so  gravely  inflamed 
and  so  much  adherent  that  any  plastic  procedure  seemed  likely 
to  fail.  It  is,  of  course,  still  quite  possible  that  the  stricture 
might  recontract,  but  it  has  not  done  so  up  to  the  present. 

It  is,  therefore,  at  least  possible  that  a  nephrotomy  may  be 
the  cause  of  a  ureteral  stricture.  It  is  also  probable  that,  in 
some  instances  at  least,  the  slow  healing  of  nephrotomy  wounds 
is  due  to  blocking  of  the  upper  ureter  by  pus  or  blood  that  ac- 
cumulates in  the  kidney  pehds.  Why,  therefore,  since  ureteral 
and  pelvic  wounds  heal  so  kindly,  should  we  not  always  drain 
through  the  kidney  pelvis  rather  than  through  the  parenchyma? 

^Absolutely  total  anuria,  if  due  to  ureteral  stoppage,  is  a  sign  of  the  absence 
of  one  kidney. 
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During  the  past  six  months  I  have  thrice  opened  the  kidney- 
parenchyma  for  the  extraction  of  stone,  and  then  deliberately 
inserted  a  probe  into  the  kidney  pelvis,  and  upon  this  opened  the 
pelvis  widely,  inserted  a  rubber  tube  there  for  drainage,  and 
closed  the  parenchyma  by  suture.  Each  one  of  these  cases  has 
healed  with  the  promptness  characteristic  of  a  pyelotomy;  one 
of  them  with  surprising  promptness,  for  the  wound  became 
gravely  infected  with  staphylococci  from  the  kidney,  and  never- 
theless all  trace  of  urine  coming  from  it  disappeared  within  eight 
days,  though  the  wound  has  been  about  four  weeks  in  healing. 

It  seems,  therefore,  possible,  not  only  that  pyelotomy  is  to  be 
preferred  to  nephrotomy  for  extraction  of  stone,  etc.,  when  this 
is  possible,  but  that  when  nephrotomy  is  done  it  may  seem  wiser 
to  suture  the  incision  in  the  kidney  parenchyma  and  to  drain 
through  a  counter-incision  made  in  the  kidney  pelvis. 
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From  the  Pharmacological  Laboratory  of  the  Johns  Hopkins  University,  and  the 
James  Buchanan  Brady  Urological  Institute,  Baltimore,   Maryland 

In  the  course  of  the  last  two  yeaxs  the  author  has  been  engaged 
in  an  extensive  and  intensive  investigation  of  the  action  of  a 
large  number  of  drugs  on  the  ureter  and  the  vas  deferens,  the 
results  of  which  have  in  part  already  been  pubhshed  (1,  2,  3,  4) 
and  in  part  are  to  appear  later.  Although  the  researches  were  pri- 
marily of  a  pharmacological  character,  the  behavior  of  those  or- 
gans towards  various  reagents,  physical  and  chemical,  and  imder 
various  conditions  incidentally  brought  to  light  much  interesting 
information  concerning  the  physiology  of  the  ureter  and  vas 
deferens.  In  the  present  paper  it  is  proposed  to  summarize 
briefly  the  chief  physiological  data  thus  obtained,  and  to  report 
some  new  findings. 

METHODS   OF   STUDY 

The  movements  and  behavior  of  the  ureter  were  studied  in 
three  ways.  First  and  most  important  of  all,  experiments  were 
made  with  segments  and  rings  of  excised  ureters.  The  ureters 
of  dogs,  cats,  rabbits,  oxen  and  especially  pigs  were  employed. 
It  was  found  that  longitudinal  segments  of  the  ureter  were  not 
as  suitable  as  rings,  and  that  the  most  convenient  preparations 
for  study  were  rings  of  the  pig's  ureter. 

Secondly,  the  behavior  of  the  ureters  was  studied  by  direct 
inspection  of  the  ureters  in  situ  in  laparotomied  animals.  The 
rabbit  was  found  to  be  the  most  convenient  animal  for  this  pur- 
pose, as  the  ureters  in  it  are  large,  easily  exposed,  and  are  not 
concealed  by  excessive  amounts  of  fat. 

97 


98  DAVID   I.    MACHT 

Lastly,  whenever  practicable,  observations  were  made  in  vitro 
on  rings  of  human  ureters  obtained  from  cases  of  nephrectomy. 

It  was  found  that  the  results  obtained  by  all  the  methods  em- 
ployed agreed  with  each  other. 

The  behavior  of  the  vas  deferens  was  studied  in  the  same  way: 
first,  on  excised  vasa  deferentia  of  dogs,  cats,  rabbits,  guinea-pigs 
and  rats;  second,  by  observations  in  situ,  in  rabbits  and  guinea- 
pigs  under  anesthesia;  and  lastly,  on  segments  of  human  vas 
whenever  obtainable  from  the  operating  room.  Unlike  the  ure- 
ter, in  which  ring-preparations  were  found  to  be  much  better 
adapted  to  the  study  of  ureteral  contractions  than  longitudinal 
strips,  in  case  of  the  vas  ring-preparations  were  found  to  be  un- 
suitable for  experimentation,  and  all  the  observations  were  made 
on  longitudinal  segments  of  the  organ.  As  in  the  case  of  the 
ureter,  so  in  the  case  of  the  vas  deferens,  the  results  obtained  by 
the  different  methods  of  study  agreed  with  each  other. 

ON  THE  MOVEMENTS  OF  THE  URETER  AND  VAS  DEFERENS 

a.  Normal  contractions.  When  an  excised  ureter  is  suspended 
in  a  suitable  oxygenated  medium,  to  be  described  presently,  at 
a  proper  temperature,  it  will  after  a  period  of  from  thirty  minutes 
to  one  hour,  and  sometimes  sooner,  begin  to  exhibit  spontaneous 
rhythmic  contractions.  A  most  convenient  method  of  study- 
ing these  contractions  is  by  means  of  ring-preparations.  Such 
an  ureteral  ring  will  ''beat"  for  hours  with  surprising  regularity  at 
the  rate  of  from  five  to  seven  times  per  minute  and  will  inscribe 
a  curve  on  the  kymograph  not  unlike  that  made  by  a  beating 
frog's  heart.  In  this  way,  the  rate  and  strength  of  the  ureteral 
contractions  or  peristaltic  movements,  as  well  as  its  tonus  may 
be  studied  under  normal  conditions  on  the  one  hand,  and  under 
the  influence  of  various  agents,  physical  or  chemical,  on  the  other 
(figs.  1  and  2). 

h.  Vitality  of  the  ureter.  It  is  interesting  to  note  the  remark- 
able vitality  of  the  excised  ureter.  Just  as  the  author  found  that 
he  could  preserve  alive  the  pulmonary  and  other  arteries  for  a  long 
time  after  excision  (5),  so  also  in  the  case  of  the  ureter  it  was  pos- 
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sible  to  revive  the  contractions  of  that  organ  as  late  as  forty- 
eight  hours  after  excision,  provided  the  tissue  was  preserved^in 
a  suitable  solution  and  kept  in  a  refrigerator. 

In  case  of  the  vas  deferens,  suspension  preparations  under  suit- 
able conditions,  were  also  found  to  exhibit  rhythmic  contractions, 
but  these  movements  are  not  so  constantly  and  not  so  easily 


Fig.  1.     RiXG  of  Pig's  Ureter  Six  Hours  After  Death 

Experiment,    January    12,    1916.     Showing   normal    contractions   in   normal 
Locke's  solution.     Contraction  =  up-stroke;  four  beats  per  minute. 


Fig.  2*    Hum.w  Ureter 

One  ring;  four  hours  after  nephrectomy  for  hydronephrosis  on  December  15, 
1915;  showing  spontaneous  contractions.  Contraction  =  up-stroke,  seven 
beats  per  minute. 


obtained  as  in  case  of  the  ureter.  Only  longitudinal  segments 
of  the  organ  and  not  rings,  were  found  to  exhibit  these  movements. 
c.  Suitable  media.  For  the  study  of  the  spontaneous  contrac- 
tions of  the  isolated  ureter,  the  preparations  must  be  suspended  in 
Locke's  solution,  which  is  a  modified  Ringer's  solution  plus  dex- 
trose.    In  ordinary  Ringer's  solution  the  contractions  are  not  as 
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active,  while  in  normal  NaCl  solution  the  tissue  quickly  dies  and 
the  contractions  cease.  A  still  better  medium  is  obtained  by  the 
addition  of  small  quantities  of  urea  (0.2  to  0.4  per  cent)  to  the 
Locke  solution  (fig.  3).  The  optimum  medium  for  the  study  of 
the  isolated  ureter,  however,  is  a  mixture  of  Locke  solution  with 
fresh  (acid)  urine  in  proportion  of  about  10  to  1.  The  addition 
of  a  little  urine  to  a  Locke  solution  in  which  a  quiescent  ureter 
is  suspended  may  be  sufficient  to  start  up  its  contractions.  Af- 
ter considerable  experimentation  it  was  learned  that  the  superi- 
ority of  a  urine-Locke  mixture  over  a  simple  urea-Locke  mixture, 
is  due  to  the  greater  hydrogen  ion  concentration  of  the  former. 
It  appears  that  a  slightly  acid  medium  is  necessary  for  the  main- 


Fig.  3.    Ring  op  Pig's  Ureter  Twenty -Four  Hours  After  Excision 

Experiment  January  13,  1916.  Showing  normal  contractions  in  Locke,  and  the 
improvement  of  the  same  by  addition  of  urea  0.1  per  cent.  Contraction  =  up- 
stroke; normal  four  beats  per  minute;  after  urea  seven  beats  per  minute. 

tenance  of  normal  ureteral  contractions.  Thus,  in  Tyrode's 
solution  (6)  which  is  of  a  lesser  hydrogen  ion  concentration  than 
Locke  solution  the  ureter  beats  very  poorly,  while  the  addition 
of  a  minute  quantity  of  alkali  (sodium  bicarbonate)  stops  the 
contractions  altogether  (fig.  4). 

Exactly  the  reverse  holds  good  for  the  vas  deferens.  Here  it 
was  found  that  the  vas  exhibits  its  movements  better  in  Tyrode's 
solution,  than  in  Ringer's  or  Locke's,  and  that  the  addition 
of  a  little  alkali  (sodium  bicarbonate)  improved  the  contractions 
still  more.  Thus  it  is  seen  that  for  the  contractions  of  the  ure- 
ter a  slightly  acid  medium  is  the  optimum,  while  for  the  move- 
ments of  the  vas  deferens,  on  the  contrary,  a  slightly  alkaline 
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solution  is  most  suitable.  If  we  bear  in  mind  that  in  most  higher 
animals  the  urine  is  acid,  while  the  spermatic  fluid  is  alkaline, 
we  cannot  fail  to  note  the  striking  agreement  of  the  movements 


Fig.  4.     Pig's  Ureter 
Twenty-four  hours  old  in  Locke's  solution.     Showing  improvement  in   con- 
traction through  addition  of  fresh  urine  to  the  Locke,  making  the  Ph  6.8,  and  the 
inhibition  of  contractions  produced  by  adding  sodium  bicarbonate  making  the 
Ph  7.8.     The  Ph  was  determined  colorimetrically  by  Marriott's  method. 


Fig.  5.     Vas  Deferens  of  Cat,  ix  Tyrode's  Solution 
Addition  of  sodium  bicarbonate  improves  the  contractions.     Introduction  of 
acid  sodium  phosphate  inhibits  them. 

in  vitro  just  studied  with  the  conditions  prevaihng  in  the  living 
body  (fig.  5). 

d.  Oxygenation.     A  proper  oxygenation  or  aeration  of  the  ure- 
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teral  vas  preparations  is  essential  for  the  maintenance  of  their 
activity.  Lack  of  oxygen  was  found  to  diminish  their  contrac- 
tions both  in  strength  and  frequency.  This  was  improved  by 
restoring  the  oxygen  supply. 
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Fig.  6.     Ring  of  Pig's  Ureter  Three  Hours  After  Death 

Experiment  December  21,  1915.  A,  showing  effect  of  heating;  B,  showing 
effect  of  cooling.     Speed  of  drum,  about  six  beats  per  minute  at  37°C. 

e.  Effect  of  temperature.  The  effect  of  temperature  on  the 
ureter  and  vas  deferens  is  interesting  and  important.  The  opti- 
mimi  temperature  was  found  to  be  about  37°C.     Variations  in 
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temperature  between  34°  and  38°C.  produced  but  little  change 
in  the  rate  or  force  of  the  contractions.  Higher  and  lower 
temperatures,  however,  markedly  afifected  the  movements. 
When  the  temperature  is  gradually  raised  there  is  first  a  stimu- 
lation of  the  contractions,  but  on  further  increase  the  movements 
are  paralyzed,  41°C.  being  the  upper  limit.  Still  higher  tempera- 
ures  will  kill  the  protoplasm.  On  gradually  lowering  the  tem- 
perature below  37°C..  the  movements  are  slowly  inhibited  and 
at  30°C.  they  are  paralyzed  entirely.  Restoring  the  tempera- 
ture to  normal,  however,  tended  to  revive  the  contractions  (fig. 
6). 


Fig.    7.    Quiescent  Ureteral  Ring 
From  pig  stimulated  to  powerful  contractions  by  a  minute  dose  of  epinephrin. 
1  drop  of  1 :  5000  solution  in  25  cc.  of  Locke. 

PHARMACOLOGICAL  DATA  ON  THE  INNERVATION  OF  THE  URETER 

AND  VAS  DEFERENS 

a.  General.  The  action  of  drugs  on  the  ureter  and  vas  defer- 
ens is  interesting  not  only  from  the  pharmacological  point  of 
view,  but  also  from  the  physiological,  as  throwing  light  upon  the 
still  somewhat  unsettled  question  of  the  innervation  of  those 
organs.  Thus  for  instance  Langley  and  Anderson  doubt  the  ex- 
istence of  a  parasjTnpathetic  nerve  supply  to  the  vas  deferens 
(7).  As  is  well  known,  certain  drugs  attack  only  certain  specific 
nerve  endings,  and  by  the  emplo\inent  of  such  drugs  evidence 
as  to  the  kind  of  innervation  of  those  organs  can  be  obtained 
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which  is  as  valuable  as  that  derived  from  careful  dissection  and 
histological  examination. 

b.  Action  of  epinephrin.  When  a  minute  quantity  of  epineph- 
rin  (one  drop  of  a  1:  10,000  solution)  is  introduced  into  a 
chamber  filled  with  50  cc.  of  Locke's  solution  and  containing  an 
ureteral  ring  preparation,  a  striking  effect  is  soon  noticed.  The 
ureter  begins  to  contract  more  frequently  and  more  vigorously, 
and  its  tonus  is  distinctly  increased.  Such  a  small  dose  of  epi- 
nephrin will  start  powerful  contractions  in  an  otherwise  quiescent 
ureter  (fig.  7).  Larger  doses  of  epinephrin  exert  a  correspond- 
ingly greater  influence  on  the  ureteral  ring.  The  contractions 
become  very  rapid,  and  at  the  same  time  very  short,  owing  to 
the  greatly  increased  tonicity.  Indeed  the  ureter  finally  passes 
into  a  condition  of  tonic  contracture  or  tetanus  (fig.  8).  This 
lasts  for  an  hour  or  more  and  gradually  wears  off,  as  the  drug  is 
oxidized,  until  the  contractions  become  normal  again. 

The  vas  deferens  and  seminal  vesicles  are  stimulated  by  epi- 
nephrin both  in  respect  to  contraction  and  tonicity  in  exactly 
the  same  way  (fig.  9). 

It  is  well  known  through  the  study  of  Langley  and  Elliott  (8) 
that  epinephrin  is  our  principal  drug  attacking  all  true  sympa- 
thetic or  dorsal-lumbar  autonomic  (Langley)  nerve  endings,  or 
as  some  prefer  to  express,  it  myoneural  junctions — whether  pres- 
sor or  depressor,  accelerator  or  inhibitor,  constrictor  or  dilator, 
wherever  they  may  be,  and  stimulating  them  to  greater  activity 
just  as  an  electric  current  would  do.  The  response  of  the  ureter 
and  vas  deferens  to  epinephrin  is  therefore  proof  positive  of  their 
innervation  by  the  true  sympathetic.  This  is  further  corrobo- 
rated by  their  behavior  towards  ergotoxin. 

c.  Action  of  ergotoxin.  This  important  constituent  of  ergot  is 
also  a  sympathetico-mimetic  drug  affecting  the  true  sympathetic. 
As  a  result  of  the  work  of  Barger  and  Dale  (9)  its  physiological 
effects  are  of  a  twofold  nature,  as  follows : 

(a)  A  stimulant  effect  on  plain-muscular  organs,  prominent 
among  which  are  contractions  of  the  arteries,  the  uterus,  and  the 
sphincter  of  the  iris. 

(b)  A  specific  paralysis  of  the  motor  elements  in  the  struc- 
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tures  associated  with  sympathetic  innervation,  which  adrenalin 
stimulates;  the  inhibitor  elements  retaining  their  normal  func- 


FiG,  8.     Pig's  Ureteral  Ring  Twenty -Two  Hours  after  Excision 

Showing  stimulating  effect  of  1  mgm.  epinephrin  in  30  cc.  Locke;  wearing  off 
of  effect  one-half  hour  later;  and  powerful  tonic  spasm  from  5  mgm.  of  epinephrin. 


Fig.  9.     Human  Vas  Deferens 
(From  the  operating    room.)     Segment  1    cm.    long, 
effect  of  epinephrin,  1  mg.  in  50  cc.  Locke. 


Showing  stimulating 


tion,  as  do  also  both  motor  and  inhibitor  autonomic  nerve  sup- 
plies of  cranial  and  sacral  root  origin. 

As  a  result  of  this  peculiar  selective  action,  the  effect  of  epi- 
nephrin on  those  organs  which  are  supplied  with  both  motor  and 
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inhibitor  sympathetic  terminals,  as  for  instance  the  arteries  of 
carnivora,  and  in  which  ordinarily  epinephrin  produces  a  motor 
effect,  is  reversed  by  ergotoxin.  Thus  an  animal  which  is  first 
injected  with  ergotoxin,  will  respond  to  a  subsequent  injection 
of  epinephrin  with  a  fall  instead  of  the  ordinary  rise  in  blood- 
pressure,  because  the  motor-terminals  having  been  paralyzed  by 


Fig.   10.     Pig's  Ureter 
Experiment  January  12,  1916.     One  ring  in  urine-Locke  (1:  10).     Showing 
effect  of  ergotoxin  5  mgm.  and  reversal  of  epinephrin  action  following  same. 
Contraction  =  up  stroke. 


Fig.  11.     Vas  Deferens  op  Rat 
Showing  reversal  of  epinephrin  effect  by  previous  administration  of  ergotoxin. 


the  ergotoxin,  the  suprarenal  principle  can  act  only  on  the  in- 
hibitor terminals  which  are  still  intact. 

When  an  ureteral  or  vas  deferens  preparation  is  treated  with 
1  to  2  mgm.  of  ergotoxin  phosphate  in  50  cc.  of  Locke,  there  is 
noticed  a  primary  stage  of  stimulation  as  indicated  by  an  increase 
in  tonus  and  in  the  rate  of  contractions.     This  is  followed  by  a 
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slowing  of  the  contractions  and  relaxation  of  tonus,  especially 
larger  doses  of  ergotoxin  are  used.  If  now  the  ergotoxin  is  fol- 
lowed by  a  dose  of  epinephrin,  it  is  interesting  to  find  that  the 
motor  effect  of  epinephrin  is  inhibited,  and  indeed  a  slight  re- 
laxation is  noted.  In  other  words,  the  ureter  and  vas  exhibit  a 
reversal  of  epinephrin  action  after  ergotoxin  in  exactly  the  same 
way  as  an  artery  would  do.  This  furnishes  an  additional  proof 
of  a  true  sympathetic  innervation  of  these  organs  (figs.  10  and 
11). 


Fig.  12.     Ring  of  Pig's  Ureter 

Experiment  January  26,  1916.  Forty-eight  hours  after  death  of  animal. 
Showing  how  the  quiescent  ureter  is  first  stimulated  by  0.01  per  cent  of  nicotin 
and  secondly,  paralyzed  by  0.1  per  cent  nicotin  solution. 


d.  Action  of  nicotin.  Nicotin  is  endowed  with  the  well-known 
selective  action  on  ganglion  cells,  which  it  first  stimulates  and 
later  paralyzes.  Its  effect  on  the  ureter  was  found  to  be  the 
same  as  on  other  organs;  e.g.,  the  heart.  Small  doses  of  nicotin 
or  its  salts  stimulated  the  contractions  and  increased  the  tonus  of 
the  ureter;  larger  doses  paralyzed  it  (fig.  12).  This  response  to 
nicotin  points  to  the  existence  of  ganglionic  structures  in  that 
organ,  and  agrees  prettily  with  the  anatomical  findings  of  Dogiel 
(10),  R.  Maier  (11),  and  Protopopoff  (12).  The  author  did  not 
study  the  effect  of  nicotin  on  the  vas,  but  in  a  recent  paper  by 
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Waddell  (13)  that  observer  reports  a  similar  behavior  of  that 
organ. 

e.  Action  of  drugs  affecting  the  sacral  autonomics.  Just  as  epi- 
nephrin  and  ergotoxin  are  drugs  affecting  specifically  the  myo- 
neural junctions  or  nerve-endings  of  the  dorsal-lumbar  autonom- 
ics or  so-called  ''true  sympathetics,"  so  too  there  is  another 
group  of  drugs  which  acts  specifically  upon  the  nerve-endings  of 
the  cranial-bulbar-sacral  autonomics  or  the  so-called  ''para- 
sympathetic" nervous  system.  The  principal  pressor  or  accel- 
erator drugs  of  this  group  are  pilocarpin,  physostigmin,  mus- 
carin,  and  cholin;  the  chief  depressor  or  inhibitor  drug  of  the 
group  is  atropin. 


Fig.  13.    Action  op  Pilocarpin 
Pig's  ureter  six  hours  after  death  of  animal 


Fig  14.    Ring  of  Pig's  Ureter 

Twenty-four  hours  after  death  of  animal.     Action  of  pseudomuscarin  or  syn- 
thetic muscarin. 
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Fig.  15.     Vas  Deferens  of  Cat 

Showing  the  stimulating  effect  of  physostigmin  hydrochloride   (5  mgm.  in  50 
cc.)  in  a  quiescent  preparation. 


Fig.  16.     Ring  of  Pig's  Ureter 

Twenty-four  hours  after  excision.     Showing  inhibition  by  atropin  and  antag- 
onizing action  of  muscarin  (1  cc.  of  aqueous  extract  of  fungus). 


Fig.  17.    Ring  of  Pig's  Ureter 

Twenty-four  hours  after  excision.     Primary  stimulation  of  frequency  of  con- 
tractions and  subsequent  inhibition  after  atropin. 
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The  behavior  of  the  ureter  and  vas  deferens  under  the  influence 
of  these  drugs  gives  evidence  of  those  organs  being  innervated 
by  the  sacral  autonomic  or  parasympathetic  fibers,  as  well  as 
by  the  true  sympathetic  already  noted.  It  was  found  that  pilo- 
carpin,  physostigmin,  muscarin  and  cholin,  all  produced  stimu- 
lation of  ureteral  and  vas  deferens  preparations.  These  findings 
were  further  confirmed  by  observations  of  the  organs  in  situ  in 
anesthetized  animals  (figs.  13,  14  and  15). 

/.  Action  of  atropin.  The  effects  of  atropin,  when  given  in  suf- 
ficiently large  quantities,  is  to  antagonize  the  action  of  the  above 
drugs  and  to  inhibit  the  contractions.  It  was  curious  to  note, 
however,  that  small  doses  of  atropin  tended  at  first  to  stimu- 
late the  contractions  of  the  ureter  and  the  vas.  The  probable 
explanation  of  this  phenomenon  was  advanced  by  the  author  at 
the  annual  meeting  of  the  Federation  of  American  Societies  for 
Experimental  Biology,  in  New  York,  December  28,  1916.  The 
author  showed  that  atropin  being  a  racemic  form  of  hyoscyamin 
is  a  mixture  of  1-hyoscyamin  and  d-hyoscyamin,  and  that  while 
1-hyoscyamin  stimulates  the  ureter,  the  dextro-gyrate  form  tends 
to  inhibit  it.  The  full  discussion  of  this  peculiar  action  will  ap- 
pear later  in  the  Journal  of  Pharmacology  and  Experimental 
Therapeutics  (figs.  16  and  17). 

SUMMARY 

The  results  of  the  above  investigations  may  be  summarized 
as  follows : 

1.  The  behavior  of  the  ureter  and  vas  deferens  was  studied, 
firstly -on  surviving  excised  organs,  secondly  by  observations  of 
those  organs  in  situ,  in  the  living  body,  and  thirdly  on  excised 
human  ureters  and  vasa  deferentia  after  operation. 

2.  The  isolated  ureter  contracts  best  in  a  slightly  acid  medium; 
the  isolated  vas  contracts  best  in  a  slightly  alkaline  medium. 
This  corresponds  to  the  natural  conditions  in  the  body. 

3.  A  rise  in  temperature  at  first  stimulates  and  subsequently 
paralyzes  the  contractions  of  the  ureter  and  vas.  A  fall  in  tem- 
perature inhibits  the  contractions. 
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4.  Adequate  oxygenation  is  essential  for  the  maintenance  of 
the  contractions  of  the  ureter  and  vas  deferens  in  vitro. 

5.  The  response  of  the  ureter  and  vas  to  epinephrin  and  ergo- 
toxin  is  an  evidence  of  their  innervation  by  the  dorsal-lumbar 
or  true  sympathetic  nervous  system. 

6.  The  response  of  the  ureter  and  vas  to  pilocarpin,  physostig- 
min,  muscarin,  cholin  and  atropin  is  an  evidence  of  their  being 
also  innervated  by  the  sacral  autonomic  or  para-sjonpathetic 
nervous  system. 

7.  The  response  of  the  ureter  and  vas  to  nicotin  points  to  the 
presence  of  ganglion  cells  in  the  walls  of  those  organs. 
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THE  EFFECT  OF  CALCIUM,  WATER  AND  OTHER  SUB- 
STANCES GIVEN  INTRAVENOUSLY  ON  BLOOD 
COMPOSITION  AND  URINE  SECRETION 

DAVID  M.  DAVIS 

Prom  the  Laboratories  of  the  James  Buchanan  Brady  Urological  Institute.  Johns 
Hopkins  Hospital,  Baltimore,  Maryland 

In  treating  of  the  secretion  of  urine,  it  has  been  customary  to 
select  for  study  the  point  of  exchange  between  the  tissues  and 
the  blood,  where  katabolites  are  turned  over  to  the  common  car- 
rier, and  the  point  of  exchange  between  the  blood  and  the  urine, 
where  the  waste  products  are  finallj^  put  in  the  form  in  which 
they  are  to  be  expelled.  Concerning  the  organ  which  is  the 
seat  of  the  latter  exchange,  the  kidney,  we  must  gain  our  infor- 
mation for  the  most  part  by  indirect  methods.  Perhaps  the 
most  obvious  one,  and  the  one  which  has  been  followed  by  very 
many  investigators,  is  the  inquiry  into  the  conditions  surround- 
ing its  work  through  analysis  at  various  times  of  the  blood  and 
urine.  In  spite  of  the  quantity  of  such  work  which  has  been 
done,  the  laws  governing  the  quantitative  and  quaUtative  se- 
cretion of  urine  remain  obscure  and  it  is  felt  that  further  efforts 
along  these  lines  using  new  and  accurate  experimental  and 
analytical  methods  may  not  be  superfluous. 

The  literature  of  this  subject  is  familiar  enough  so  that  refer- 
ence need  be  made  only  to  those  investigations  which  have  led 
up  directly  to  the  present  work. 

Magnus  (1)  attempted  to  determine  what  conditions  in  the 
blood  are  responsible  for  diuresis.  He  noted  that  hypotonic, 
as  well  as  hypertonic  or  isotonic  salt  solution  given  intraven- 
ously will  cause  diuresis,  and  it  seemed  to  him  at  first  that  hy- 
dremia was  the  sine  qua  non  of  diuresis.  Later  it  was  observed 
that  diuresis  could  outlast  hydremia,  and  he  concluded  that  an 
increase  in  the  content  of  any  excretable  substance  in  the  blood 
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determined  diuresis.  Other  cases  described  by  Magnus  in  which 
a  certain  amount  of  hydremia  persisted  after  the  cessation  of 
diuresis  would  seem  to  the  writer  to  make  this  conclusion  un- 
tenable, since  they  present  an  increase  in  the  urinary  constitu- 
ent water  in  the  blood  without  diuresis.  These  findings  have 
been  reiterated  by  many  others  (Thompson  (2),  Sollmann  (3), 
Tropp  (4)  ). 

However  it  is  the  rule  that  copious  diuresis  is  usually  associa- 
ated  with  a  certain  degree,  less  than  might  be  expected,  of  hy- 
dremia. It  seems  to  the  writer,  therefore,  that  experiments 
showing  to  what  extent  changes  in  the  composition  of  the  blood 
can  be  brought  about  without  diuresis  may  throw  more  light 
on  the  subject  than  those  in  which  it  occurs  freely.  One  method 
of  doing  this  is  suggested  by  the  work  of  Magnus  (5),  who  in- 
jected whole  blood,  and  of  Ponfick  (6),  v.  Limbeck  (7),  Knowl- 
ton  (8),  Fischer  (9),  Roger  and  Gamier  (10),  etc.,  who  injected 
solutions  of  gelatine  and  other  colloids  without  diuresis. 

It  seems  that  colloid  materials,  such  as  gelatine  and  plasma 
proteids,  hold  water  in  the  circulation  through  some  affinity, 
since  it  does  not  leave  the  vessels  readily,  either  through  the 
kidneys  or  into  the  tissues  when  injected  in  combination  with 
these  substances.  The  exact  nature  of  this  affinity  remains  to 
be  described,  but  it  is  probable  that  it  may  be  varied  by  changes 
in  the  concentration  of  other  substances  in  the  blood  stream  in  a 
manner  analogous  to  that  in  which  the  water  affinity  of  gelatine 
jeUies  is  varied  by  electrolytes.  However,  this  problem  too  is 
difficult  to  solve  since  any  substance  introduced  into  the  cir- 
culation has  opportunity  to  act  on  the  kidney  epithehal  cells 
also,  which  may  equally  well  alter  urinary  secretion.  While 
this  circumstance  apparently  ehminates  the  possibility  of  an  ex- 
perimentum  crucis,  it  does  not  prevent  our  studying  the  compo- 
sition of  the  blood  under  as  many  and  different  conditions  as 
possible,  and  trying  to  evolve  general  laws  from  such  studies. 
If  we  utilize  in  our  experiments  only  excretable  substances,  we 
may  probably  be  able  to  consider  the  plasma  proteids  as  a  con- 
stant factor,  varying  in  their  influence  on  renal  secretion  only 
as  their  affinity  for  water  is  varied  by  the  crystalloids  present. 
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The  injection  of  colloid  substances,  however,  was  not  consid- 
ered suitable  for  the  purposes  of  this  work.  Among  other  pos- 
sible procedures,  the  experiments  of  Woodyatt  (11)  offer  a  prom- 
ising means  of  introducing  water  without  diuresis.  They  make 
evident  a  clean-cut  relationship,  taking  into  account  body 
weight  and  time,  between  unit  intake  of  glucose,  given  intra- 
venously, and  unit  output,  provided  the  intake  is  not  less  than 
0.85  gram  of  glucose  per  kilogram  hour,  in  which  case  there  is 
neither  diuresis  or  glycosuria. 

A  third  method  available  is  the  intravenous  injection  of  dis- 
tilled water,  which,  as  noted  over  sixty  years  ago  by  Kjerulf 
(12)  and  subsequently  by  Hermaim  (13),  Westphal  (14),  v.  Lim- 
beck (7),  Frey  (15),  Sherrington  and  Copemann  (16),  Fischer 
(9)  and  others,  causes  no  increase  in  urinary  flow.  In  other 
words,  water,  under  these  conditions,  when  it  reaches  the  circu- 
lation in  the  pure  state  is  not  a  diuretic.  When  such  an  experi- 
ment is  performed,  the  injection  may  be  easily  pushed  until  the 
death  of  the  animal  occurs  from  the  overloading  ■with  water. 
This  absence  of  diuresis  under  experimental  conditions  does  not 
of  course  mean  that  the  excretion  of  water  is  a  matter  of  total 
indifference  to  the  body,  but  on  the  contrary  that  the  mechanism 
for  the  purpose  requires  the  interaction  of  other  substances  in 
order  to  precipitate,  under  natural  conditions,  the  necessary 
diuresis.  In  such  cases  the  excess  fluid  is  aU  actually  removed 
within  the  next  twelve  hours  after  the  injection,  if  the  animal 
survives.  Here  then  is  an  excellent  opportimity  to  study  such 
interaction  among  the  urinary  constituents. 

In  the  consideration  of  saline  diuresis,  it  is  a  common  thing  to 
assume  that  osmotic  pressure  is  an  important  element  in  the  pro- 
duction of  urine.  The  theory  has  been  put  forward  that  the 
diuretic  action  of  a  salt  is  a  function  only  of  its  osmotic  pres- 
sure. A  priori,  this  has  seemed  improbable  to  the  writer,  and, 
in  an  effort  to  de\dse  an  experiment  bearing  on  this  point,  cal- 
cium was  selected  as  the  most  antagonistic  in  its  action  to  the 
commonest  example  of  the  diuretic  salt,  sodium  chloride.  This 
antagonism  has  been  demonstrated  in  many  different  ways,  both 
biological  and  physical  chemical.     MacCallum  (17)  has  offered 
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evidence  in  favor  of  an  inhibitory  action  on  renal  secretion. 
Clowes  (18)  assumes  that  in  the  case  of  a  bivalent  substance  like 
calcium,  the  anion  action  predominates,  while  with  the  mono- 
valent sodium,  the  cation  action  is  in  the  foreground,  and  that 
cation  and  anion  are  always  antagonistic.  Whether  this  hy- 
pothesis is  correct  or  not  the  injection  of  fluids  in  which  CaClj 
was  substituted  for  part  or  all  of  the  NaCl  of  physiological  salt 
solution  gave  rise  to  a  secretion  of  urine  which  exceeded  the  nor- 
mal by  little  or  nothing. 

This  then  gives  a  choice  of  three  methods  of  introducing  con- 
siderable quantities  of  fluid  containing  no  colloidal  substances 
into  the  veins  without  evoking  diuresis. 

In  carrying  out  the  elementary  experiments  described  below  the 
suggested  lines  were  followed;  first,  to  introduce  distilled  water 
intravenously  at  a  constant  rate,  which  procedure  produced  no 
diuresis,  and  second,  to  introduce  solutions  of  glucose,  CaCl2,  or 
mixtures  of  the  latter  with  NaCl  so  arranged  as  to  produce  no 
diuresis.  The  object  of  the  first  type  of  injection  was  to  dis- 
cover what  changes  in  the  water  content  of  the  blood  might  occur 
without  diuresis,  and  the  second,  to  discover  what  additional 
changes  in  the  concentration  of  the  other  substances  in  the  blood 
might  occur  without  diuresis.  There  is  also  included  one  injec- 
tion of  0.4  per.  cent  NaCl  solution  which  was  accompanied  by 
diuresis. 

The  solutions  were  all  introduced  intravenously  in  dogs  over 
fairly  long  periods  of  time  at  uniform  rates  by  an  electric  pump 
modelled  after  that  of  Woodyatt  (11),  since  it  was  thought  that 
this  method  offered  great  advantages  for  a  study  of  this  sort. 
The  conditions  of  its  use  will  be  discussed  later. 

The  experiments  are  classified  under  several  heads,  according 
to  the  composition  of  the  fluid  which  was  injected. 

The  technique  was  as  follows:  Injections  were  always  made 
without  general  anesthesia  of  any  sort.  Whenever  practicable, 
a  needle  was  inserted  through  the  skin  into  the  saphenous  vein 
and  held  in  place  by  adhesive  plaster.  When  this  could  not  be 
done,  a  small  incision  was  made  under  local  anesthesia  with  dis- 
tilled water,  and  cannula  or  needle  introduced  directly  in  the 
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vein.  The  fluid  was  carefully  wanned  before  injection.  Blood 
was  dra"VNTi  with  pipet  and  needle  from  the  jugular  vein.  With 
animals  accustomed  to  the  procedure,  as  they  all  were,  this  causes 
no  apparent  disturbance,  and  there  has  been  no  reason  to  be- 
lieve that  the  psychic  effects  had  any  serious  influence  on  the 
results  of  the  experiments.  Urine  was  collected  through  an  ordi- 
nary metal  catheter,  aided  by  gentle  massage  of  the  bladder. 
The  catheter  remained  in  situ  during  each  experiment,  and  was 
emptied  during  and  after  the  massage  by  a  fine  flexible  tube 
carried  in  to  its  tip,  and  connected  with  a  suction  bottle.  There 
is  reason  to  beheve  that  this  procedure  empties  the  bladder  com- 
pletely and  certainly. 

Water  determinations  were  made  gravimetrically,  the  whole 
blood  being  dried  at  120°C.  to  constant  weight.  This  procedure 
has  subsequently  been  amplified  by  also  drying  the  plasma  after 
centrifuging  in  a  graduated  tube.  A  small  quantity  of  pow- 
dered potassiima  oxalate  necessitating  only  a  very  slight  correction 
is  used  as  an  anticoagulant.  From  such  data  the  relative  vol- 
ume and  water  content  of  both  corpuscles  and  plasma  can  be 
calculated. 

For  blood  sugar  determinations,  the  method  of  Benedict  and 
Lewis  was  followed,  the  heating  being  done  in  an  autoclave. 
McLean  and  Van  Slyke's  method  ser\^ed  for  blood  and  urine 
chlorides.  Hemoglobin  percentages  were  usually  determined  in 
an  ordinary  Sahh  hemoglobinometer,  but  in  the  single  chloride 
experiment,  0.5  cc.  of  fresh  blood  was  placed  at  the  beginning  of 
the  experiment  in  a  100  cc.  volumetric  flask  with  0.5  cc.  5  per 
cent  HCl,  the  flask  filled  to  the  mark  and  set  aside  in  the  cold 
box.  At  the  end  of  the  injection  it  was  compared  in  a  du  Bosc 
colorimeter  with  another  preparation  made  in  the  same  way. 
This  gives  the  relative  hemoglobin  percentage,  the  initial  or  nor- 
mal value  being  expressed  as  100,  with  great  accuracy.  The  ab- 
solute value  would  be  of  no  advantage  in  these  experiments. 

Freezing  point  determinations  were  made  with  defibrinated 
blood  in  an  ordinarj'  Beckmann  apparatus,  in  some  cases  fitted 
with  a  tube  which  allowed  smaller  quantities  of  blood  to  be 
used. 

Blood  urea  was  estimated  by  Marshall's  urease  method. 
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I.    INTRAVENOUS    INJECTION    OF    DISTILLED    WATER    WITHOUT 

DIURESIS 

That  injection  of  distilled  water  produces  no  diuresis  was 
confirmed. 

Experiment  I.  Distilled  water  at  different  rates,  2  to  250  cc.  per  hour  Injection 
performed  for  two  hours,  gradually  increasing  rate  until  250  cc.  per  hour  was 
reached.  Urine  remained  constant  at  about  2  cc.  per  hour.  Hemolysis  occurred. 
Dog  apparently  not  injured. 

Experiment  II.  Distilled  water  at  rate  of  50  cc.  per  kilogram  hour,  followed  by  2 
per  cent  salt  solution. 
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Blood  was  drawn  before  the  injection  commenced  and  again 
at  the  end  of  thirty-five  minutes.  After  this  2  per  cent  NaCl 
solution  was  run  in  to  determine  if  the  hemolysis  had  any  effect 
on  salt  diuresis.  Fischer  (9)  has  suggested  the  "upset  of  oxi- 
dative conditions"  resulting  from  hemolysis  as  a  possible  cause 
of  the  lack  of  diuresis  after  distilled  water.  In  this  case,  the 
salt  diuresis  occurred  normally.  Frey  (15)  performed  an  ex- 
actly similar  experiment  with  the  same  result.     Since,  however, 
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there  is  no  absolute  certainty  as  to  the  reason  why  water  causes 
no  diuresis,  extensive  conclusions  can  not  be  drawn  from  this 
observation. 

As  a  result  of  the  distilled  water,  the  water  content  of  the 
blood  was  increased  2  per  cent,  while  A  fell  0.057°,  the  great 
drop  in  hemoglobin  undoubtedly  being  largely  due  to  hemolysis. 

II.    INTRAVENOUS  INJECTION  OF  CaCU,  WITH  AND  WITHOUT  NaCl 
IN   VARIOUS   PROPORTIONS,   WITHOUT  DIURESIS 

The  most  superficial  interpretation  of  the  above  results  would 
be  that  there  is  a  simple  reciprocal  relation  in  the  production  of 
urinary  secretion  between  the  water  content  of  the  blood  and 
the  molecular  concentration  of  the  blood  in  which  an  increase  in 
one  may  be  neutralized  in  its  diuretic  action  by  a  corresponding 
decrease  in  the  other.  Such  a  compensation  would  be  the  one 
in  which  the  blood  is  diluted  with  distilled  water. 

Working  from  this  tentative  interpretation,  one  would  expect 
that  in  true  saline  diuresis,  as  for  example  with  injection  of  an 
isotonic  or  hypotonic  solution,  the  water  content  of  the  blood 
would  be  increased,  but  with  no  compensatory  decrease  in  the 
molecular  concentration. 

The  following  facts  are  at  our  disposal.  One  intravenous  in- 
fusion of  0.44  per  cent  NaCl  solution,  in  which  2260  cc.  were 
injected  during  one  hour  in  a  dog  weighing  11.6  kgm.  and  narco- 
tized with  morphine  was  performed  by  Magnus  (5).  Diuresis 
commenced  within  ten  minutes.  At  the  end  of  the  hour,  the 
serum  solids  had  fallen  from  6.34  to  4.61  per  cent,  and  the  A 
from  0.590°  to  0.509°. 

A  somewhat  similar  experiment  performed  by  the  writer  is 
tabulated  below  (Experiment  III) . 

In  this  experiment  the  injection  is  smaller  than  that  of  Magnus 
and  the  diuresis  longer  delayed  and  less  in  quantity.  It  is  in- 
teresting that  the  fall  in  the  serum  dry  substance  is  nearly  the 
same  in  each  (in  the  one  case  6.34  to  4.61,  in  the  other  7.87  to 
6.20).  The  figures  for  the  whole  blood  show  either  a  great  im- 
bibition of  H2O  by  the  red  blood  corpuscles,  or  an  increase  in 
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Experiment  III.  Injection  of  0.44  per  cent  NaCl  solution  at  rate  of700cc.  per  hour. 
This  is  equivalent  to  3.08  gram  NaCl  per  hour  (0.77  gram  NaCl,  87.5  cc.  H2O  per 
fifteen  minutes).     Weight  of  dog  11.92  kgm. 
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plasma  quantity.     In  the  writer's  experiment,  however,  A  fell 
only  0.018°. 

Greater  emphasis  is  laid  on  the  latter  experiment  for  two  reasons. 
First,  the  injection  continued  longer,  and  second,  the  experi- 
ment was  performed  without  any  interference  from  anesthetic  or 
other  drugs.  It  is  desired  to  lay  especial  emphasis  on  this  latter 
point.  Bogert,  Underhill  and  Mendel  (19)  have  recently  shown 
that  morphine  interferes  very  seriously  with  the  mechanism  oper- 
ating to  keep  the  blood  composition  constant.  It  is  also  well 
known  from  the  experiences  of  Thompson  (20),  Frey  (15)  and 
others  that  such  substances  as  urethane,  chloretone,  and  to  a 
less  extent  paraldehyde,  interfere  with  renal  excretion,  and  simi- 
lar objections  apply  in  the  case  of  ether,  in  addition  to  its  effect 
in  producing  hyperglycemia  and  even  glycosuria. 
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While  the  experiment  shows  a  slight  fall  in  the  A,  it  is  charac- 
terized by  a  marked  hydremia  wdth  no  change  in  the  CI  content, 
and  is  not  absolutely  incompatible  with  the  hypothesis  outlined. 
In  the  course  of  the  writer's  work  other  objections  to  this  h>TX)the- 
sis  in  its  simple  form  have  come  to  light,  but  for  the  moment 
discussion  of  them  will  be  deferred. 

The  next  protocol  gives  the  results  of  an  injection  in  which 
NaCl  was  replaced  by  a  quantity  of  CaCU  isotonic  according  to 
the  Landolt-Bjomstein  tables  with  an  0.8  per  cent  NaCl  solution. 
It  was  the  first  calcium  experiment,  and  it  was  thought  possible 
that  it  might  give  a  condition  of  hydremia  and  increased  molecu- 
lar concentration  of  the  blood,  yet  without  diuresis  owing  to 
the  effect  of  the  calcium  ions  on  the  renal  cells.  The  result, 
however,  was  quite  different. 

Experiment  IV.    25  cc.  per  kilogram  hour,  l.i  per  cent  CaCli  soltUion 
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The  dog  was  uncomfortable  from  the  beginning.  Vomited  af- 
ter ten  minutes  of  injection.  When  released  extreme  weakness 
was  showij,  the  dog  l>dng  spread  out  on  his  belly  on  the  floor. 
In  spite  of  this,  consciousness  was  retained  and  there  was  appar- 
ently no  pain.     Death  occurred  about  two  and  one-half  hours 
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later.  At  autopsy  there  was  some  excess  of  clear  fluid  in  the 
peritoneum  and  pericardium,  but  not  in  the  pleural  cavities. 
The  blood  was  dark  and  thick.  There  were  numerous  ecchy- 
moses  beneath  the  endocardium  and  in  the  thymus.  The  intes- 
tine was  suffused  and  cyanotic,  the  duodenum  hemorrhagic. 

It  is  evident  in  this  experiment,  that  while  the  molecular  con- 
centration of  the  blood  remained  constant,  the  response  of  the 
somatic  cells  of  the  body  to  calcium  was  entirely  different  from 
that  to  sodium,  in  that  the  blood  became  very  concentrated,  the 
total  soUds  and  hemoglobin  rising  markedly.  Sufficient  salt  was 
left  in  the  circulation  to  prevent  a  rise  in  the  A,  or  in  other  words, 
it  was  an  isotonic  fluid  which  went  to  the  tissues.  This  situa- 
tion, which  had  been  unforeseen,  of  course  prevented  the  drawing 
of  any  conclusions  as  to  the  action  of  calcium  on  the  kidneys,  or 
a  comparison  of  its  properties  when  in  the  blood  with  those  of 
sodium  chloride.  The  urine  was  greatly  diminished.  In  addi- 
tion, it  was  evident  that  the  amount  of  calcium  given  consti- 
tuted a  fatal  dose,  and  an  effort  was  therefore  made  to  find  a 
combination  of  CaCL  and  NaCl  which  would  at  once  prevent 
hemolysis,  cause  no  diuresis  and  be  non-toxic. 


Experiment  V.    0.2  per  cent  NaCl;  0.2  per  cent  CaCh;  700  cc.  in  one  hour 
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To  this  end,  three  different  solutions  were  tried.  The  first 
was  a  mixture  of  0.2  per  cent  CaCU  and  0.2  per  cent  NaCl. 

A  slight  hydremia  is  accompanied  by  a  marked  fall  in  A,  while 
since  the  hemoglobin  percentage  remains  much  the  same,  we  may 
probably  assume  that  no  great  alteration  in  blood  volume  has 
occurred. 

This  fluid  when  injected  caused  hemolysis,  and  since  the  uri- 
nary secretion  was  rather  definitely  diminished,  it  was  consid- 
ered advisable  to  raise  the  percentage  of  NaCl  sufficiently  to 
avoid  hemolysis.  Tests  in  vitro  with  dogs'  corpuscles  showed 
that  if  to  0.2  per  cent  CaCl ,  0.37  per  cent  of  NaCl  were  added, 
no  hemolysis  resulted. 


Experiment  VI.    O.S  per  cent  CaCh,  0.S7  per  cent  NaCl,  680  cc.  in  forty-five  minutes 
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It  is  well  known  that  0.4  per  cent  NaCl  will  cause  copious 
diuresis.  In  this  experiment,  a  large  quantity  of  0.37  per  cent 
NaCl  (0.5  per  cent  of  the  body  weight,  and  therefore  about  70 
per  cent  of  the  volume  of  blood  in  the  body)  was  injected  with 
only  a  very  slight,  almost  neghgible  increase  in  the  urine  secreted, 
this  result  being  accompanied  by  adding  0.2  per  cent  of  CaCU. 
It  should  be  noted  that  in  bringing  about  this  neutralization  of 
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the  action  which  NaCl  would  have  had  alone,  the  Ca  salt  holds 
the  blood  composition  almost  unchanged,  a  decrease  of  0.015°  in 
the  A,  and  an  increase  of  0.3  per  cent  in  the  blood  water.  These 
changes,  further,  are  in  opposite  directions  and  would  therefore, 
according  to  the  hypothesis,  tend  to  neutralize  each  other  in  the 
effect  on  renal  secretion. 

A  further  experiment  was  made  with  a  stronger  percentage  of 
NaCl,  to  determine  if  the  quantitative  relations  of  the  two  salts 
in  their  action  on  urinary  secretion  persisted. 

Experiment  VII.    0.2  per  cent  CaCU,  0.65  NaCl,  700  cc.  in  seventy  minutes 
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Forty-five  minutes  later 

This  fluid  is  almost  isotonic  with  the  blood.  The  A  of  the 
blood  remains  almost  the  same  throughout,  but  the  increase  in 
NaCl  has  resulted  in  a  moderate  hydremia  and  a  moderate  in- 
crease in  urine  secreted.  This  would  indicate  that  NaCl  and 
CaCU  oppose  each  other  in  a  quantitative  way,  and  that  the 
oliguria  is  not  the  result  of  a  toxic  action  of  the  Ca  making  diure- 
sis impossible. 

If  the  diuretic  power  of  a  substance  is  purely  a  function  of 
its  osmotic  pressure,  the  first  injection  of  CaCl2  should  have 
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caused  a  diuresis  equal  to  that  caused  by  0.85  per  cent  NaCI 
solution.  We  are  not  at  liberty  however  to  say  that  the  effect 
on  the  kidney  was  not  a  function  of  the  osmotic  pressure,  since 
it  has  been  disclosed  that  a  very  profound  effect  on  the  composi- 
tion of  the  blood  also  results  from  the  injection.  It  is  possible, 
though  there  is  no  evidence  to  support  it,  that  a  diuretic  effect 
of  Ca  on  the  kidney  is  masked  by  this  relatively  tremendous  loss 
of  w^ater  from  the  blood,  since  all  blood  changes  in  experiments 
of  this  sort  are  remarkably  slight  (Sollmann  (3),  Tropp  (4), 
Haldane  and  Priestley  (21) ). 

It  should  be  mentioned  here  that  Porges  and  Pribram  (22)  and 
Mendel  and  Benedict  (23)  have  denied  that  calcium  exercises  an 
inhibitory  effect  on  urinary  secretion.  Mendel  and  Benedict  in 
every  case  injected  the  calcium  salt  in  combination  ^\ith  suffi- 
cient NaCl  to  overcome  its  inhibitory  effect,  and  their  experi- 
ments do  not  therefore  support  their  contention.  Porges  and 
Pribram,  working  with  rabbits,  found  a  great  fall  in  systemic 
blood  pressure  after  injections  of  Ca,  and  ascribed  the  anuria  or 
oUguria  to  this.  Such  a  fall  may  well  occur  with  massive  doses 
of  Ca,  as  in  Experiment  IV,  but  that  it  does  not  in  the  type  of 
experiment  to  which  the  others  mentioned  belong,  is  shown  by 
an  injection  in  connection  with  which  blood  pressure  was  recorded. 
In  this  case  ether  anesthesia  was  used  given  by  the  intratracheal 
method.  A  solution  containing  0.25  per  cent  CaCl2  and  0.34  per 
cent  NaCl  was  injected  at  the  rate  of  30  cc.  per  kilogram  hour 
for  three  hours.  No  increase  in  urine  formation  was  noted. 
The  blood  pressure  remained  constant,  being  possibly  a  few  mil- 
limeters higher  at  the  end  than  at  the  beginning  of  the  experi- 
ment. The  absence  of  diuresis,  therefore,  could  not  have  been 
due  to  a  fall  in  the  general  blood  pressure. 

Going  back  to  the  original  hypothesis,  no  hopeless  contradic- 
tion appears  in  these  Ca  injections.  Where  diuresis  has  occurred, 
there  is  an  increase  in  the  blood  water,  with  practically  station- 
ary A,  and  where  it  has  not  occurred,  A  has  fallen,  while  the  blood 
water  has  remained  stationary ;  or,  if  A  has  risen,  there  has  been 
great  loss  of  water  from  the  blood. 
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lib.    INTRAVENOUS  INJECTIONS  OF  SUGAR  SOLUTION  WITHOUT 

DIURESIS 

A  dilute  solution  of  sugar  (say  3  per  cent)  will  hemolyze  less 
than  distilled  water,  and  was  therefore  chosen  in  amounts  cor- 
responding to  less  than  0.85  gram  sugar  per  kilogram  hour  to 
provide  an  increase  in  the  blood  constituents  sugar  and  water 
without  diuresis.     The  records  of  two  such  injections  are  given. 

Experiment  VIII.    0.65  grams  dextrose  -per  kilogram  hour  in  S  per  cent  solution 


begins 
Injection  of  3  per  cent  sugar.  ^ 
ends 


45 

30 

Before 

0 


After 
15 
30 
45 
60 


120 


0.6 

1.8 


1.6 
1.0 
1.2 
0.8 


23.0 


TJBINE 
SUQAB 


per  cent. 

0 
0 


URINE 
SUGAR 
TOTAXi 


BLOOD 
SUQAR 


■per  cent 


0.087 


0.200 


Total  urine  first  hour  4.6  cc. 

BLOOD  H2O 

A  OP  BLOOD 

BLOOD  SUGAR 

Before 

per  cent 

77.07 
79.42 

0.577 
0.549 

0.0870 

After 

0.2000 

It  will  be  noticed  that  in  Experiment  IX  the  tolerance  of  the 
animal  was  exceeded  during  the  second  and  third  hours,  pro- 
ducing first  a  glycosuria  and  later  a  diuresis,  both  of  slight 
degree.  However,  at  the  end  of  the  first  hour  in  each  experiment 
the  same  conditions  are  present.  The  sugar  content  of  the  blood 
is  increased  over  100  per  cent  without  diuresis.  In  the  first 
experiment  it  is  shown  in  addition  that  there  has  been  an  increase 
of  over  2  per  cent  in  the  water  content  of  the  blood.     In  the 
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Experiment  IX.    0.7  gram  dextrose  -per  kilogram  hour  in  3 

per  cent 

solution 

MINTTTES 

UBINE 

UBINE 

snoAR 

URINE 
SUQAB 

BLOOD 
8UOAR 

CC. 

per  cent 

grams 

per  cent 

26 

1.2 

0 

0.0833 

11 

0.9 

0 

Before 

0 

0.1 

0 

begins 

After 

15 

1.4 

0 

30 

0.8 

0 

45 

0.9 

0 

Injection  of  3  per  cent 
sugar < 

60(1  hr.) 
1.15 
30 

1.2 
0.9 
4.0 

trace 

+  Fehling 

2.53 

0.100 

0.2060 

60(2  hrs.) 

12.8 

2.92 

0.375 

2.30 

28.0 

2.70 

0.756 

ends 

60(3  hrs.) 

62.0 

1.36 

0.840 

0.2564 

BLOOD  UBEA 

BLOOD 
CHLORIDES 

BLOOD  WATER 

HEMOGLOBIN 

R.  B.  C.  PER 
CMM. 

Before 

Aft«r 

mffin.  per  100  ec. 

34^2 
30 

0.662-0.675 
0.575-0.568 

pereeiU 

77.5-76.8 
78.1-78.2 

per  cent 

105 
103 

8,000,000 
8,000,000 

second  this  increase  is  only  1  per  cent  at  the  end  of  three  hours, 
when  slight  diuresis  is  actually  going  on.  Here  unfortunately  the 
A  is  lacking,  but  in  the  first  the  A  has  fallen  0.028°,  that  is  the 
molecular  concentration  of  the  blood  is  decreased  in  the  experi- 
ment where  no  diuresis  occurred. 


DISCUSSION 

In  discussing  the  preceding  experiments,  attention  is  first  di- 
rected to  the  importance  of  the  external  conditions  present  in 
all  diuresis  experiments.  The  unfortunate  element,  always  lead- 
ing to  confusion,  which  enters  almost  every  such  experiment,  is 
the  anesthetic.  This  has  already  been  mentioned,  but  too  much 
emphasis  cannot  be  laid  on  it.     Haldane  and  Priestley  (21)  ex- 
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perimented  on  themselves,  for  reasons  which  they  describe  as 
"obvious;"  possibly  they  included  the  consideration  that  anes- 
thesia was  unnecessary.  Thompson  (20)  and  Frey  (15)  have 
emphasized  the  important  effects  of  anesthetics  and  narcotics, 
while  Woodyatt  (11)  and  Fischer  (9)  have  performed  diuresis 
experiments  without  anesthetics. 

From  the  time  the  writer's  experiments  on  diuresis  were  be- 
gun, in  the  winter  of  1915-16,  it  was  felt  that  they  must  be  kept 
entirely  clear  of  drug  influences.  It  was  found  comparatively 
easy  to  develop  a  suitable  technique.  Good  tempered,  quiet 
female  dogs  with  conspicuous  veins  were  selected  and  no  difficulty 
was  experienced  in  making  them  lie  quietly  for  the  duration  of 
the  experiment.  Blood  could  be  drawn  repeatedly  from  the 
jugular  without  any  detectable  psychic  disturbance.  The  most 
satisfactory  injection  method  was  to  make  a  small  incision  over 
the  vein  with  distilled  water  as  a  local  anaesthetic,  insert  a  small 
needle  in  the  vein,  tie  it  in  place  with  a  singly  knotted  thread, 
and  fix  the  butt  of  the  needle  with  adhesive  plaster.  At  the 
end  of  the  injection,  the  thread  could  be  untied  and  removed  and 
the  needle  withdrawn,  which  permitted  the  continuity  of  the 
vein,  essential  for  future  experiments,  to  remain  unimpaired. 

The  injections  were  all  made  at  a  constant  rate,  using  a  pump 
similar  to  that  described  by  Woodyatt.  This  method  is  very 
advantageous,  since  little  attention  is  required  for  the  injection 
apparatus.  The  desirability  of  constant  injections  depends  on 
the  following  considerations.  (1)  The  desired  changes  are 
brought  about  gradually  without  suddenly  overwhelming  the 
organism  with  a  great  excess  of  any  substance.  The  injected 
material  is  constantly  renewed  in  the  blood  as  it  is  removed  by 
the  tissues,  and  therefore  greater  continued  changes  in  blood 
composition  are  produced  than  are  possible  with  single  injec- 
tions. (2)  The  reaction  of  the  body  is  equally  slowed  down,  so 
that  it  can  be  studied  periodically  and  more  carefully  analyzed. 
(3)  With  constant  inflow  of  a  solution,  the  organism  tends  to 
reach  eventually  a  state  of  equilibrium,  in  which  conditions 
which  could  not  be  duplicated  in  any  other  way  may  be  contin- 
ued indefinitely.     (4)  No  other  method  could  be  used  for  in- 
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jections  of  sugar  without  diuresis,  or  any  other  injection  fluid 
with  which  the  absence  of  diuresis  depends  on  the  disposal  of 
the  injected  substances  by  the  body,  a  process  which  can  go  on 
only  at  a  rate  not  exceeding  a  certain  maximum. 

Thompson  (2)  in  an  article  published  in  1900,  has  drawn  con- 
clusions concerning  the  mechanism  of  diuresis  which  there  has 
been  little  reason  to  change  since.  According  to  him,  the  diure- 
sis, as  measured  by  the  quantity  of  urine  secreted,  does  not  run 
parallel  to  the  blood  pressure,  the  kidney  volume,  or  the  amount 
of  hydremia. 

Investigators  are  imanimous  in  discarding  the  general  blood 
pressure  as  the  important  element  in  diuresis.  Various  assump- 
tions have  been  made  concerning  changes  in  arteriolar  or  capil- 
lary pressure  within  the  kidney,  but  these  still  remain  outside 
the  realm  of  experimental  proof. 

Changes  in  the  blood  flow  through  the  kidney  have  had  ardent 
advocates  for  this  important  role.  Lowi  (24)  using  an  extraor- 
dinary method,  namely,  the  observation  of  the  color  of  the 
venous  blood  as  it  emerged  from  the  kidney,  came  to  the  conclu- 
sion that  every  diuresis  is  accompanied  by  an  increased  flow  of 
blood.  Such  an  inexact  method  does  not  invite  great  confidence, 
but  Lowi  is  undoubtedly  correct  in  supporting  Thompson  in  his 
attack  on  the  oncometric  method  as  an  index  of  blood  flow  in  the 
kidney.  Lowi  enclosed  the  kidney  in  a  plaster  cast,  making  ex- 
pansion impossible,  yet  with  diuretics  there  was  observed  the 
change  in  color  of  the  renal  vein,  to  arterial  red,  that  he  associ- 
ated with  increased  flow.  Bunch  (25)  demonstrated  this  in  the 
most  conclusive  manner  for  the  salivary  gland,  using  an  air 
plethysmograph  and  actually  measuring  the  blood  coming  from 
the  vein.  Stimulation  of  the  chorda  timpani  gave  an  increase 
in  the  blood  flow  with  simultaneously  increased  secretion,  but 
with  a  contraction  of  the  gland.  Histological  studies  of  the  kid- 
ney make  it  apparent  that  the  renal  epithelial  cells  vary  greatly 
in  size  under  different  conditions. 

These  considerations  operate  only  to  cast  suspicion  on  all  con- 
clusions as  to  blood  flow  drawn  from  oncometric  observations, 
including  those  of  Starling  (26)  and  Cushny  (27)  in  which  the  kid- 


130  DAVID   M.    DAVIS 

ney  volume  was  held  constant  during  the  administration  of  diu- 
retic substances.  It  is  interesting  to  note  that  in  Starling's  experi- 
ment, where  this  result  is  obtained  by  copious  hemorrhage  from 
the  carotid,  the  kidney  volume  decreased  very  markedly,  a  little 
while  after  cessation  of  the  withdrawal  of  blood.  A  possible  in- 
terpretation is  that  the  diuretic  caused  the  kidney  substance  to 
increase  in  size.  The  hemorrhage  then  had  to  be  much  too  great 
in  order  to  keep  the  oncometer  lever  stationary,  resulting  in  an 
actually  much  diminished  flow  through  the  organ.  When  the 
cells  returned  to  their  normal  size,  the  blood  volume  was  suf- 
ficiently reduced  to  cause  the  observed  oncometric  shrinkage. 
It  is  not  possible  here  however  to  do  more  than  hypothesize  con- 
cerning such  experiments  and  the  true  solution  must  wait  for 
new  observations  in  which  the  blood  flow  is  measured  directly. 

In  this  category  come  the  fundamental  researches  of  Bain- 
bridge  and  Evans  (28)  and  especially  of  Richards  and  Plant  (29), 
who  perfused  the  kidney  at  a  known  rate  with  whole  blood  in 
a  head-heart-lung-kidney  preparation.  Diuresis  occurred  from 
caffeine,  NaCl  and  Na2S04  with  absolutely  constant  blood  flow 
through  the  kidney. 

It  therefore  seems  that  one  must  unavoidably  conclude  that 
diuresis  can  occur  independently  of  changes  in  blood  flow.  It  is 
difficult  to  conceive  how  changes  in  the  vascular  bed,  at  most 
changes  of  100  per  cent  or  so,  can  cause  increases  in  urinary  secre- 
tion amounting  to  10,000  per  cent  or  more  of  the  normal,  if  blood 
composition  is  constant  or  changes  in  it  of  no  importance.  And 
in  addition,  changes  in  blood  composition,  as  has  been  seen,  do 
occur.  The  writer  believes  therefore  that  the  burden  of  proof 
should  rest  on  those  who  claim  that  blood  composition  is  of  less 
importance  in  diuresis  than  renal  blood  flow. 

The  secretion  from  glands  in  which  chemical  synthesis  is  a 
prominent  feature,  and  which  depend  almost  entirely  upon  nerv- 
ous or  hormone  influences  for  their  regulation  is  affected  to 
a  certaia  extent  by  the  composition  of  the  blood  (SoUmann  (3)  ). 
The  kidney  differs  from  these  glands  in  being  concerned  almost 
entirely  with  the  excretion  of  preformed  substances  (Tropp  (4) ) 
and  has  no  easily  demonstrated  nervous  control.     Its  prime  func- 
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tion  is  to  regulate  blood  composition.  It  is  assisted  in  this  function 
by  the  tissues,  which  take  over  injected  substances,  temporarily 
in  the  case  of  non-utilizable  materials,  until  the  kidney  is  able 
to  dispose  of  them  in  due  course. 

The  explanation  of  events  then  is  fairly  complete,  with  the 
serious  exception  that  a  close  chronological  relation  between 
changes  in  blood  composition  and  in  urinary  secretion  has  not 
been  demonstrated.  Discrepancies  occur  in  every  series  with 
which  the  'vsTiter  is  familiar. 

The  older  writers  lay  great  stress  on  the  concentration  of  the 
urine,  especially  in  relation  to  that  of  the  blood  (Frey).  It  has 
however  been  demonstrated  that  the  excretion  of  various  sub- 
stances reaches  its  maximum  at  a  diJBferent  time  from  that  at 
which  the  diuresis  is  greatest,  and  from  this  viewpoint,  it  is  much 
more  convenient  to  assume  that  each  urinary  constituent,  in- 
cluding water,  has  its  own  excretory  mechanism,  partially,  and 
probably  in  large  degree,  independent  of  the  others.  The  total 
molecular  concentration  of  the  urine  would  then  be  only  an  ac- 
cidental resultant  from  the  action  of  these  mechanisms.  It  can 
then  be  further  assumed  vdih  Magnus,  that  an  increase  in  the 
concentration  of  any  constituent  will  cause  its  excretion  in  in- 
creased amount,  and  with  Sollmann,  that  the  constituents  of  the 
blood  provide  the  normal  stimulus  to  renal  activity.  It  is  im- 
mediately apparent  that  the  independence  of  the  mechanism  is 
not  absolute,  since  one  so  seldom  obtains  a  great  increase  in  any 
constituent  in  the  urine  "without  a  simultaneous  increase  in  the 
water,  although  it  is  of  course  possible  to  do  so  especially  with 
certain  constituents.  Water  occupies  a  peculiar  position  among 
urinary  constituents,  since  its  presence  in  the  renal  secretion  is 
necessary  not  only  to  relieve  the  body  of  an  excess,  but  also  to 
act  as  a  solvent  for  all  the  other  constituents.  It  is  suggested 
therefore  that  the  mechanism  by  which  so  many  salts  produce  a 
hydremia  is  a  veiy  necessary  one  for  this  purpose.  It  compli- 
cates the  picture  greatly,  however,  when  explanations  are  at- 
tempted, especially  since  it  makes  the  content  of  the  body  in 
water  and  other  substances  beforehand  so  important.  That  this 
has  much  influence  on  diuresis  has  been  shown  by  Haake  and 
Spiro  (30). 
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But  it  is  further  suggested  as  an  amplification  of  the  theory  of 
Magnus,  that  conversely,  a  decrease  in  the  concentration  of  any 
urinary  constituent  in  the  blood  tends  to  decrease  renal  activity, 
and  may  serve  to  counteract  the  effect  of  a  simultaneous  increase 
in  some  other  constituent.  Thus  the  simple  addition  of  water  to 
the  blood  would  always  bring  about  such  a  counteraction  by  sim- 
ply diluting  the  blood,  if  not  compensated  in  some  way,  and  the 
bare  statement  that  water  given  intravenously  is  not  a  diuretic, 
scarcely  affords  an  adequate  explanation  of  the  situation.  Fur- 
ther, any  procedure  which  caused  any  substance  to  leave  the 
blood  for  the  tissues  would  indirectly  diminish  urinary  secretion. 

It  is  felt  that  the  experiments  described  in  this  paper  offer 
some  support  for  this  suggestion.  The  regulatory  mechanism  of 
the  tissues  is  evident  in  the  injection  of  hypotonic  NaCl  solution, 
where  the  chloride  and  molecular  concentration  of  the  blood  is 
kept  up  to  normal,  while  a  hydremia  develops,  evidently  at  the 
expense  of  the  colloid  constituents  of  the  plasma,  and  indicating 
therefore  almost  surely  an  increase  in  blood  volume.  The  hemo- 
globin figures  also  point  that  way,  though  their  value  for  that 
purpose  is  open  to  question,  through  the  work  of  Lamson  (31). 

The  urinary  changes,  however,  do  not  follow  closely  those  in 
blood  composition.  Examination  of  the  tables  will  show  a  sort 
of  lag.  In  the  hypotonic  NaCl  injection,  again,  hydremia  is  well 
developed  before  any  increase  in  water  or  chloride  output  has 
appeared.  Other  experiments  (Magnus)  have  shown  that  diure- 
sis may  persist  after  the  water  content  of  the  blood  has  returned 
to  normal. 

Two  insistent  questions,  therefore,  remain  to  be  answered: 
First,  what  is  the  cause  of  this  lag,  and  second,  should  the  cause 
of  lag  be  found  to  lie  within  the  kidney  proper,  does  diuresis 
depend  on  blood  composition,  according  to  the  suggestions  out- 
lined above?  In  the  forthcoming  papers  of  this  series,  efforts 
will  be  made  to  answer,  at  least  partially,  these  questions. 
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SUMMARY 

1.  Injections  of  fluid  of  considerable  size  have  been  made  in- 
travenously in  dogs,  according  to  three  methods,  without  pro- 
ducing diuresis. 

2.  In  such  cases  definite  hydremia  and  definite  hyperglycemia 
may  be  present  without  diuresis. 

3.  Where  hydremia  occurs  without  diuresis,  there  has  usually 
been  a  definite  decrease  in  the  molecular  concentration  of  the 
plasma,  as  shown  by  the  depression  of  the  freezing  point  (A). 

4.  Solutions  of  calcium  chloride  given  intravenously  cause  the 
urinarj^  secretion  to  diminish,  and  in  addition  precipitate  a  great 
loss  of  water  from  the  blood  to  the  tissues.  Given  with  sodium 
chloride,  calcium  chloride  will  antagonize  the  diuretic  effect  of 
sodium  chloride.  In  such  a  case,  the  general  blood  pressure  is 
not  changed. 

5.  Various  observations  upon  current  theories  of  urinary  se- 
cretion, and  additions  thereto,  have  been  made. 
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A  :\IODIFIED  WOODYATT  PUMP 

DAVID  M.  DAVIS  axd  WILLI.^M  S.  GORTON 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

The  pump  described  by  Woody att*  for  intravenous  infusions 
at  constant  rates  over  long  periods  of  time  being  so  well  suited 
for  studies  upon  diuresis,  the  principles  embodied  in  it  were  util- 
ized in  a  pump  made  in  the  machine  shop  of  the  Brady  Urologi- 
cal Institute  for  use  in  such  studies.-  In  the  course  of  the  de- 
sign and  manufacture  of  the  apparatus,  certain  modifications 
were  introduced  which  make  it  much  simpler  than  the  original 
model,  and  therefore  easier  and  cheaper  to  make. 

The  accompanying  photograph  shows  the  principal  features. 
No  castings  are  used,  all  parts  being  machined  from  pieces  of 
brass  of  various  shapes.  ^lotive  power  is  supplied  by  a  small 
sewing  machine  motor  which  can  easily  be  procured  anywhere. 
It  is  coupled  to  the  shaft  of  the  worm  by  a  small  piece  of  soft 
rubber  tubing  of  rather  thick  wall,  the  worm  shaft  being  made 
the  same  size  as  that  of  the  motor.  This  makes  a  simple,  flexible, 
and  absolutely  satisfactory  coupling. 

The  worm  makes  160  revolutions  to  one  of  the  large  disk,  this 
allowing,  with  the  motor  used,  a  maximum  pump  speed  of  55 
strokes  per  minute.  Other  ratios  could  be  used,  depending  on 
the  type  of  work  the  pump  is  to  perform. 

The  large  disk  rests  in  a  plain  bearing,  lubricated  through  a 
suitable  oil  hole  in  the  disk,  in  the  brass  base.  Its  upper  surface 
bears  two  small  cams  which  serve  to  operate  the  exceedingly  sim- 
ple valve  mechanism. 

A  single  post  beside  the  worm  is  the  fulcrum  for  a  long  lever 
actuating  the  piston.     This  lever  is  made  to  move  by  a  crank 

1  Woodyatt,  Jour.  Amer.  Med.  Assn.  '15,  Ixv,  2067. 
*  Davis,  Jour.  Urologj-  '17,  i,  113. 
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pin,  which  rests  in  a  radial  slot  in  the  top  of  the  disk.  It  is  freely 
movable  in  this  slot,  and  may  be  clamped  at  any  point  desired 
by  a  large  thumb  screw.  This  arrangement  allows  the  stroke 
to  be  adjusted  very  precisely  at  any  point  between  nothing  and 
about  4  cm. 

A  crotch  at  the  end  of  this  lever  fits  over  a  large  pin  in  a  sUd- 
ing  block,  which  moves  in  the  axis  of  the  pump  cylinder.     The 


Fig.  1.  Photograph  of  Modified  Woodyatt  Pump 

The  piston  is  shown  at  the  end  of  the  out-stroke,  with  the  valve  being  changed 
to  the  in-flow  position. 

block  bears  two  arms,  and  these,  with  a  screw  passing  through 
the  large  pin,  clamp  the  handle  of  the  record  syringe  which  is 
used  as  the  pump  cyhnder. 

The  tip  of  the  syringe  fits  into  a  ground  joint  in  the  valve- 
block,  and  it  is  held  in  place  by  a  yoke  fitted  with  a  thumb  screw 
passing  through  the  base  of  the  valve  block. 

The  valve  is  a  simple  cylindrical  piece  of  brass,  fitting  water- 
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tight  in  a  hole  bored  through  the  valve  block.  At  the  central 
point  of  this  plunger  is  a  shallow  groove,  extending  clear  around 
which  serves  to  direct  the  fluid  to  the  proper  duct,  as  the  valve 


Fig.  2.  Diagram  of  Modified  Woodyatt  Pump 

Showing  disk,  lever,  slide,  syringe,  and  valve,  but  not  worm  or  motor.  The 
diagram  is  self-explanatory.  The  piston  is  shown  at  the  end  of  the  in-stroke, 
with  the  valve  about  to  be  changed  to  the  out-flow  position. 


Fig.  3.  Rheostat  Connections 
Rheostat  A  gives  coarse,  and  rheostat  B  fine,  adjustments. 

moves  in  and  out.  The  entire  valve  assemblage  can  be  taken 
apart,  the  groove  cleaned  by  wiping  it  once  with  a  cloth,  and 
put  together  again  in  twenty  seconds. 
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The  valve  is  operated  by  a  short  lever  with  equal  arms,  resting 
on  a  pivot  pin  and  actuated  by  the  small  cams  described  above. 

Variations  in  speed  are  obtained  by  using  two  of  the  small 
rheostats  of  the  type  furnished  with  the  motor,  connected  as 
shown  in  the  diagram.  Rheostat  A  gives  coarse,  and  rheostat 
B,  fine  adjustments. 

The  entire  apparatus  is  mounted  on  a  wooden  base.  It  will 
take  a  1  or  2  cc.  syringe. 

In  operation,  the  instrument  has  been  found  eminently 
satisfactory. 

Appreciation  is  due  to  Mr.  H.  I.  Hughes,  mechanician  of  the 
Brady  Institute,  for  the  making  of  the  apparatus,  and  for  many 
valuable  suggestions  as  to  its  mechanical  features. 
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Spontaneous  renal  lesions  are  not  uncommon  in  the  dog.  As 
a  rule  they  are  inconspicuous,  but  occasionally  extensive  ana- 
tomical changes  occur  similar,  even  in  their  detail,  to  those  found 
in  the  human  kidney  in  the  progressive,  non-suppurative  t>T)es  of 
nephritis. 

The  etiology  of  the  disease  in  the  dog  is  probably  more  obscure 
than  in  man  for  it  has  received  very  Uttle  attention.  It  is  im- 
mediately e\'ident,  however,  that  the  two  conditions  may  result 
from  similar  causes.  The  great  majority  of  chemical  irritants  al- 
ready used  for  the  production  of  experimental  renal  lesions  can 
have  no  more  place  in  the  etiology  of  these  spontaneous  changes 
in  the  dogs,  than  they  have  in  the  pathology'  of  the  human  kidney. 
Promising  experimental  results  have  been  obtained  recently  with 
bacteria  as  the  exciting  agent,  and  this  is  in  accord  with  the  grow- 
ing impression  that  microorganisms  may  be  etiologically  asso- 
ciated with  the  more  important  types  of  progressive  nephrop- 
athies in  man. 

Assuming  this  impression  to  be  correct,  it  is  probable  that  the 
nephropathy  of  the  dog  is  the  result  of  some  acute  infectious  dis- 
ease frequent  in  the  species.  Accordingly,  in  the  experiments 
here  recorded,  the  attempt  to  produce  a  progressive  nephroi>- 
athy  in  the  dog  similar  to  those  of  man,  differs  in  method  from 
the  usual  procedures,  in  that  a  microorganism,  the  bacillus  bron- 
chisepticus,  known  to  produce  spontaneous  disease  in  the  species, 
has  been  employed. 
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For  purposes  of  comparison  the  following  spontaneous  case  is 
described : 

Spontaneous  case.  The  animal,  a  full  grown  mongrel,  was  in  good 
general  health.  Under  the  influence  of  paraldehyde  (1.7  grams  per 
kilo  of  body  weight)  the  region  of  the  prostate  had  been  exposed  to  112 
mgm*.  of  radium  bromide  for  about  five  hours.  The  animal  recovered 
from  the  anesthetic  but  the  next  morning  it  was  found  dead  in  the  cage 

Autopsy.  There  are  no  lesions  other  than  those  of  the  kidneys. 
These  are  much  contracted,  and  removal  of  the  adherent,  thickened 
capsules  shows  a  coarsely  granular  surface.  On  section,  the  cortex  of 
the  kidney  is  irregularly  and  markedly  thinned;  the  striations  are  ob- 
scured. The  pyramids  are  somewhat  decreased  in  size  and  the  entire 
kidney  has  a  pale  brownish  color. 

Microscopic  examination  shows  a  good  deal  of  patchy  scarring 
throughout  the  cortex  and  upper  portion  of  the  pyramids.  The  scars 
are  dense,  infiltrated  to  a  slight  extent  with  mononuclear  cells,  and  the 
renal  parenchyma  in  these  scars  shows  the  usual  retrogressive  changes'. 
The  tubules  are  greatly  dilated,  except  in  the  scarred  areas,  where 
they  are  very  small  with  low  epithelium,  and  may  contain  casts  or  cel- 
lular detritus.  The  dilated  tubules  are  lined  by  a  high  columnar  epi- 
thelium which  shows  considerable  vacuolation.  Their  lumina  contain 
granular  detritus  and  an  occasional  cast.  The  glomerili  are  enlarged ;  in 
some  places  they  appear  more  numerous,  in  others  less  frequent  than 
normal.  None  of  them  appears  entirely  normal.  The  glomerular  cap- 
sules are  delicate,  except  in  the  scarred  areas.  The  glomerular  spaces 
are  large.  They  contain  serum  and  occasionally  mononuclear  cells. 
The  tufts  are  swollen,  very  cellular  and  show  varying  changes  including 
hyaline  thrombi,  partial  or  complete  hyalinization,  intercapillary  adhe- 
sions, and  adhesions  between  the  tuft  and  capsule.  The  blood  vessels, 
except  in  the  scarred  areas,  do  not  seem  to  be  markedly  affected.  The 
tubules,  in  the  upper  portion  of  the  pyramids  especially,  are  dilated 
and  irregularly  tortuous;  their  epitheHum  is,  for  the  most  part,  cubical 
and  in  some  places  seems  to  be  stratified.  Occasional  tubules  are 
found,  so  irregular  in  shape  that  they  must  have  been  formed  by  a 
rupture  of  the  separating  wall  between  several  adjoining  tubules  (see 
figs.  1  and  2). 
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METHOD 

The  organism  used  for  injection  corresponded  in  its  micro- 
scopical characteristics,  staining  quaUties,  cultural  reactions  and 
pathogenicity  for  lower  animals  to  the  bacillus  bronchisepticus. 

About  5  cc.  of  either  a  thirty-six  to  forty-eight  hour  growth  in 
litmus  milk  or  of  an  emulsion  of  a  growth  from  an  agar  slant  in 
sterile  salt  solution  were  injected  directly  into  the  renal  artery. 
At  first  both,  later  only  one  kidney  was  injected.  The  remaining 
one  was  subsequently  similarly  injected,  or  removed  after  the 
acute  symptoms  following  the  initial  procedure  had  subsided. 

All  operations  were  done  under  ether  anesthesia  and  with  com- 
plete surgical  asepsis. 

The  kidney  was  reached  by  a  longitudinal  abdominal  incision 
usually  about  10  cm.  long  and  1  cm.  from  the  middle  Une,  through 
which  the  intestines  were  withdrawn  from  the  abdomen  and  cov- 
ered with  towels.  By  lifting  the  kidney  from  its  bed,  and  using 
gentle,  blunt  dissection,  it  was  possible  to  isolate  the  renal  ar- 
tery without  trauma  to  its  accompanying  nerves.  The  culture 
was  introduced  directly  into  the  artery  by  a  fine,  bent  hypoder- 
mic needle,  after  temporary  interruption  of  the  blood  stream  by 
a  serre-fine.  After  injection,  the  vein  was  compressed  for  a  few 
seconds,  subsequent  to  the  release  of  the  arterial  circulation,  in 
order  to  secure  complete  spread  of  the  bacterial  emulsion  through- 
out the  kidney.  The  kidney  was  then  readjusted  in  its  normal 
position,  the  intestines  replaced,  and  the  abdomen  carefully 
closed  in  layers  by  silk. 

As  will  be  seen  from  the  protocols,  the  immediate  results  of 
this  procedure  varied  markedly.  Some  of  the  animals  showed 
definite  generalized  distemper,  with  conjunctivitis,  nasal  dis- 
charge, anorexia  and  loss  of  weight.  Their  urine  at  first  con- 
tained some  blood  and  showed  large  amounts  of  albumen.  On 
the  other  hand,  other  dogs  showed  no  signs  whatever  of  general 
infection,  and  after  the  first  few  days,  only  the  slightest  traces 
of  albuminuria.  The  larger  number  of  animals  reacted  to  the 
injection  definitely,  but  without  the  severe  generalized  infection 
of  the  first  group.     It  seems  reasonable  to  explain  these  results 
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on  the  ground  of  variation  in  susceptibility  of  the  different  ani- 
mals. The  severe,  overwhelming  infections  occurred  as  a  rule 
in  young  dogs,  while  those  showing  practically  no  reaction  were 
old,  or  had  at  least  attained  their  full  growth.  This  coincides 
with  the  well-known  immunity  which  commonly  follows  an  at- 
tack of  distemper. 

It  is  possible,  therefore,  to  divide  the  animals  into  three  groups. 

(1)  Immune  animals  that  showed  only  a  transient  renal  lesion 
and  no  general  reaction. 

(2)  Animals  that  died  acutely  with  a  fulminating  renal  lesion 
and  an  acute  general  reaction. 

(3)  Those  which  showed  a  milder  renal  lesion  which  progressed 
after  the  less  severe  general  reaction  had  subsided.  In  this  last 
group  the  animals  ultimately  succumbed  to  renal  insufficiency, 
provided  the  uninjected  kidney  was  removed  shortly  after  the 
acute  stage  had  passed. 

A  protocol,  illustrative  of  each  of  the  above  groups,  has  been 
selected  from  a  large  number  and  is  presented  below. 

Group  I 

Immune  animals  that  showed  only  a  transient  renal  lesion  and  no 
general  reaction. 

Illustrative  case.     Dog  27,  a  full-grown  male. 

On  March  18,  1916,  under  ether  anesthesia,  a  laparotomy  was  per- 
formed and  5  cc.  of  a  milk  culture  of  b.  bronchisepticus  was  injected 
into  the  right  renal  artery.  The  animal  recovered  from  the  operation 
promptly.  On  March  21  the  urine  contained  a  moderate  number  of 
casts,  small  round  cells,  and  1  gram  of  albumen  to  the  liter  (Esbach). 

The  urinary  changes  persisted;  on  March  24,  200  cc.  of  slightly  cloudy 
urine  obtained  by  catheter  showed  a  specific  gravity  of  1031,  albumen 
0.5  gram  per  liter,  and  many  casts  and  cells  in  the  sediment.  Under 
ether  anesthesia,  the  abdomen  was  again  opened  and  the  lower  third 
of  the  uninjected  left  kidney  resected.  The  right  kidney  was  found 
much  enlarged,  with  injected  capsular  vessels  and  mottled  surface.  A 
wedge-shape  piece  was  resected  for  histological  examination. 

Section  of  kidney  six  days  after  injection.  The  capsule  of  the  kidney 
is  uniformly  thickened  by  a  very  vascular  granulation  tissue  which  is 
replacing  an  exudate  of  serum,  red  blood  cells,  and  relatively  few  poly- 
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morphonuclear  leucocytes.  This  inflammatory  process  extends  into 
the  renal  parenchyma  only  in  focal  areas,  and  here  the  interstitial  tissue 
shows  great  engorgement  of  the  capillaries,  infiltration  with  mononu- 
clear cells  and  occasionally  poljinorphonuclear  leucocytes.  In  such 
areas  the  tubules  may  be  either  dilated  or  collapsed;  their  epithelium 
may  be  flat,  cylindrical  or  vacuolated  and  occasionally  regenerative  pro- 
cesses may  be  seen  (fig.  3).  The  glomeruh,  likewise  are  involved. 
The  tufts  are  swollen  and  fill  the  capsular  space.  The  capsules  them- 
selves are  dehcate.  The  tufts  show  occasional  extensive  hyaline 
thrombi  (fig.  4)  and  intercapUlary  as  weU  as  capsular  adhesions.  Occa- 
sionally red  blood  cells  or  polymorphonuclear  leucoc>i;es  may  be  found 
in  the  capsular  space.  In  these  scarred  areas  the  finer  architecture  of 
the  kidney  is  obscured,  while  between  the  scars  changes  of  interstitial 
tissue,  tubules  and  glomeruh  are  not  remarkable. 

The  important  points  in  the  historj'  of  the  animal  subsequent  to 
thesecond  laparotomy  are  indicated  in  Chart  I. 

On  April  26,  thirty-eight  days  after  the  original  injection  of  b.  bron- 
chisepticus  into  the  right  renal  artery  and  three  weeks  after  the  removal 
of  the  left  kidney,  the  animal  was  anesthetized  and  a  small  wedge  of 
the  right  kidney  was  excised.  It  showed  the  following  histological 
picture : 

The  capsule  is  thickened,  but  otherwise  shows  no  evidence  of  active 
inflammatory'  process.  Extending  into,  and  scattered  through  the  cor- 
tex, are  occasional  typical  scarred  areas  where  the  interstitial  tissue  is 
increased  and  studded  with  small  mononuclear  cells.  Here  the  tubules 
are  atrophied  or  dilated,  and  lined  by  a  low  cubical  epithehum.  They 
may  contain  casts.  The  glomeruh  are  numerous  in  these  scars;  they 
varj'  greatly  in  size  and  show  capsular  adhesions,  and  early  hyahniza- 
tion.  The  remainder  of  the  kidney  cortex  including  the  blood  vessels 
presents  no  definite  change  (fig.  5). 

The  general  condition  of  the  animal  and  the  urinary  findings  unmedi- 
atety  after  the  fourth  operation  are  presented  in  Chart  II. 

During  the  next  two  months  the  dog  was  given  systematic  daily 
exercise  on  a  treadmill.  He  remained  in  excellent  condition.  The 
urine  showed  either  no  albumen,  or  only  traces,  and  rarely  an  occasional 
cast. 

On  July  27,  about  four  and  one-half  months  after  the  original  injec- 
tion of  b.  bronchisepticus  into  one  kidney  and  more  than  three  months 
after  total  removal  of  the  uninjected  kidney,  the  mean  blood  pressure 
was  140  mm.  Hg.,  the  phenolsulphonephthalein  excretion  49  per  cent 
in  one  hour,  and  the  blood  urea  48  mgm.  per  100  cc. 


CHART  I 
Dog  27 


UBINB 

DATI 

§ 

a 

Specific 
gravity 

Albu- 
min, 
gram 
per  liter 

Microscopic 
examination 

REMARKS 

cc. 

March  25 

Looks  well  but  does  not  eat. 

March  29 

340 

1022 

0.25 

Has  made  a  good  recovery. 

March  30 

450 

1030 

0.5 

March  31 

450 

1030 

0.25 

April 

1 

400 

1040 

April 

2 

420 

1040 

April 

3 

250 

1020 

April 

4 

200 

1032 

April 

5 

450+ 

1032 

0.25 

Negative. 

Animal  is  in  excellent  condition. 
Third  operation.  Under  ether 
anesthesia  the  left  kidney  was 
removed  through  a  lumbar  in- 
cision. 

April 

6 

Dog  has  made  an  excellent  re- 
covery. 

April 

7 

400 

1020 

Trace 

Phenolsulphonephthalein  output 
30  per  cent  in  one  hour.  Blood 
urea  22  mgm.  per  100  cc. 

April 

8 

350 

1028 

0.25 

April 

9 

450 

1032 

April 

10 

440 

1034 

Aptil 

11 

240 

1036 

0.25 

Casts,  plus 
few   mo- 
nonu- 
clear 
cells. 

Blood  urea  30  mgm.  per  100  cc. 

April 

12 

350 

1040 

April 

13 

460 

1030 

0.25 

Phenolsulphonephthalein  output 
52  per  cent  in  one  hour.  Blood 
urea  25  mgm.  per  100  cc. 

April 

14 

450 

1020 

Trace 

April 

15 

450 

1020 

April 

16 

250 

1030 

April 

17 

450 

1030 

April 

18 

150 

1030 

April 

19 

400 

1040 

0.25 

Phenolsulphonephthalein  output 
50  per  cent  in  one  hour.  Blood 
urea  27  mgm.  per  100  cc. 

April 

20 

600 

1021 

April 

21 

650 

1022 

April 

23 

220 

1040 

April 

24 

220 

1040 

April 

25 

140 

1040 

April 

26 

Mean  blood  pressure  is  120  mm. 
Hg. 
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Dog  27 
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E 

TJKINE 

DAT 

e 

< 

Specific 
gravity 

Albu- 
min, 
gram 
per  liter 

Microecopic 
examination 

REMARKS 

cc. 

April 

26 

340 

1054 

April 

27 

440 

1020 

Excellent  recovery. 

April 

28 

250 

1030 

0.5 

April 

29 

300 

1042 

Phenolsulphonephthalein  output 
46  per  cent  in  one  hour.  Blood 
urea  30  nagm.  per  100  cc. 

April 

30 

410 

1034 

May- 

1 

440 

1034 

May 

19 

0.25 

Pus.      No 
casts.  A 
rare   re- 
nal cell. 

Phenolsulphonephthalein  output 
69  per  cent  in  one  hour.  Ani- 
mal very  well. 

May 

22 

450 

1050 

May 

23 

350 

1030 

May 

24 

440 

1032 

DISCUSSION 

The  above  protocol  is  representative  of  a  group  of  older  dogs 
in  which  no  demonstrable  general  infection  occurs  after  the  in- 
jection of  the  bacillus  bronchisepticus  into  a  renal  artery.  The 
kidney,  however,  shows  immediate  acute  focal  inflammatory  le- 
sions which  rapidly  subside  and  result  in  focal  scars  similar  to 
those  that  are  frequently  encountered  both  in  the  canine  and 
human  kidney.  These  latter  lesions  are  associated  with  an  in- 
termittent albuminuria  and  cyUndruria  which  persist  for  months, 
although  there  are  no  other  evidences  of  renal  insufficiency. 


Group  II 

Animals  that  died  acutely  with  fulminating  renal  lesion  and  an  acute 
general  reaction. 

Illustrative  case..    Dog.  17.     Large  young  male. 

February  29,  1916.  Under  ether  anesthesia  a  laparotomy  was  per- 
formed and  5  cc.  of  a  milk  culture  of  b.  bronchisepticus  injected  into  the 
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right  renal  artery.  Immediately  after  the  injection  and  release  of  the 
arterial  circulation  the  organ  became  unusually  tense  and  firm  and  the 
needle  puncture  in  the  artery  wall  bled  considerably. 

The  next  day  the  blood  urea  was  122  mgm.  per  100  cc.  The  animal 
developed  diarrhoea,  anorexia,  and  oHguria,  and  death  occurred  on  the 
sixth  day  after  injection. 

Autopsy.  The  right  kidney  is  at  least  one-half  larger  than  the  left 
(figs.  6  and  7).  Its  capsule  is  not  adherent,  though  somewhat  thick- 
ened and  suffused  with  blood.  The  surface  of  the  organ  is  brownish 
purple,  thickly  mottled  with  yellowish,  raised  areas  from  1  to  2  mm.  in 
diameter.  On  section  the  kidney  is  purplish  rfed,  engorged  with  blood, 
a,nd  with  all  the  normal  markings  obscured.  No  evident  abscesses  are 
present.  Cortex  and  medulla  seem  to  share  equally  in  the  increase  in 
size  of  the  kidney.     The  rest  of  the  organs  present  nothing  remarkable. 

Under  the  microscope  masses  of  red  or  white  blood  cells  are  scattered 
through  fairly  well  preserved  kidney  tissue  (fig,  7).  The  interstitial 
tissue  is  spread  by  engorged  vessels,  edema  and  cellular  accumulations. 
In  many  places  the  exudate  is  composed  almost  entirely  of  red  cells; 
in  others  of  polymorphonuclear  leucocytes.  These  areas  give  the  sec- 
tion a  mottled  appearance.  In  the  areas  of  greatest  engorgement  the 
architecture  of  the  kidney  is  lost.  Collapsed  or  nearly  collapsed  tu- 
bules, lined  by  low  epithelium,  streak  the  mass  of  red  and  white  cells. 
The  tubules  themselves  contain  in  these  places  small  clumps  of  cellu- 
lar detritus.  Where  the  tubules  are  better  preserved  the  same  exudate 
occurs  in  the  interstitial  tissue  to  a  lesser  extent.  The  tubular  epith- 
lium  shows  acute  and  vacuolar  degeneration.  The  glomeruli  are  in- 
volved in  most  instances.  They  may  show  simply  a  compression,  but 
as  a  rule,  emboH  occur,  associated  with  necrosis  of  part  (fig.  9)  or  all 
of  the  tuft,  and  even  with  miliary  abscess  formation  (fig.  10).  Where 
the  process  is  less  marked  in  the  tuft,  a  wedge  of  necrotic  capillaries 
appears  plastered  to  the  capsule.  The  capsular  space  may  contain 
red  blood  cells  and  polymorphonuclear  leucocytes.  The  capsule  itself, 
except  where  it  is  in  contact  with  the  diseased  tuft,  is  uninvolved. 
The  large  blood  vessels  are  obscured  by  the  extensive  exudative  proc- 
ess. In  the  pyramids  the  collecting  tubules  contain  hyaline  casts, 
cellular  detritus,  red  blood  cells,  and  polymorphonuclear  leucocytes. 

Sections  of  the  uninjected  kidney  and  of  other  viscera  show  only  an 
extreme  degree  of  cloudy  swelling. 
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DISCUSSION 

The  above  protocol  represents  a  large  group  of  young  animals 
where  the  injection  was  followed  by  a  fulminating  acute  non- 
suppurative infiltration  process.  It  is  probably  focal  in  nature, 
but  the  foci  are  so  large  and  so  numerous  that  the  intermediate 
areas  are  only  demarcated  by  a  sUghtly  less  intense  involvement. 
Such  lesions  are  rare  in  human  pathology,  but  they  find  their 
analogy  in  occasional  cases  of  acute  septicaemia  with  or  without 
cardiac  valvular  involvement. 

Group  III 

Animals  with  a  milder  renal  lesion  which  progressed  after  the  less 
severe  general  reaction  had  subsided. 

Illustrative  case.  Dog.  25.  March  10,  1916.  Under  ether  anesthe- 
sia a  laparotomy  was  performed  and  5  cc.  of  a  milk  culture  of  b.  bron- 
chisepticus  injected  into  the  right  renal  artery.  The  animal  recovered 
from  the  operation  promptly.  It  was  drowsy  and  ate  little  for  several 
days,  and  after  these  mild  general  signs  had  disappeared,  the  urine 
continued  abnormal  as  indicated  in  Chart  III.  The  animal  was  lively 
and  seemed  weU.  Although  he  ate  abundantly  there  was  definite  loss 
of  ^NTsight.  On  March  28  under  paraldehyde  anesthesia  (1.7  cc.  per 
kilo  of  body  weight)  each  ureter  was  exposed  and  cannulated.  The 
output  of  urine  from  the  left  kidney  in  one  hour  was  45  cc.  and  con- 
tained 17  per  cent  phenolsulphonephthalein,  while  from  the  right  it 
was  15  cc.  and  contained  only  traces  of  the  dye. 

During  the  night  the  dog  died,  not  having  definitely  recovered  from 
the  anesthetic  and  operation. 

Autopsy.  The  right  kidney  is  not  markedly  decreased  in  size  (fig. 
11).  The  capsule  is  thickened  and  adherent.  The  surface  is  slightly 
granular  and  pale  reddish-brown.  On  section  the  cortex  is  slightly 
narrowed  and  its  striations  are  obscured.  The  pjTamids  are  paler  than 
the  cortex.  The  pelvis  is  normal.  The  remainder  of  the  autopsy  re- 
veals no  noteworthy  changes. 

On  microscopic  examination  there  is  no  appreciable  difference  be- 
tween specimens  removed  twelve  day's  after  injection  and  those  of  the 
autopsy,  which  was  on  the  eighteenth  day.  The  capsule  is  irregularly 
thickened  by  fibrous  tissue  which  shows  no  evidence  of  active  inflam- 
matory process.     The  cortex  of  the  kidney  is  greatly  changed  by  an 
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CHART  III 
Dog  25 


UKINE 

DATE 

0 

Specific 
gravity 

Albu- 
min, 
grams 
per  liter 

Microscopic 
examination 

REMARKS 

cc. 

March  16 

260 

2.0 

Many  epi- 
thelial 
cells. 

March  18 

330 

1022 

2.0 

Casts;  few 
small 
round 
cells. 

March  19 

450 

1018 

March  20 

250 

1022 

0.5 

No     casts 
seen. 

March  21 

370 

1020 

0.5 

Phenolsulphonephthalein  excre- 
tion 40  per  cent  in  one  hour. 
Blood  urea  100  grams  per  100  cc. 

March  22 

660 

1012 

2.0 

Ether  anesthesia,  laparotomy. 
The  left  kidney  was  found  nor- 
mal. Its  lower  pole  was  re- 
sected. The  right  kidney  was 
definitely  enlarged  and  of  much 
firmer  consistency  than  normal. 
The  surface  was  somewhat  mot- 
tled. 

March  23 

100 

1032 

6.0 

Casts, 
blood 
and 
small 
round 
cells 

Animal's  condition  good.  Wound 
healing  well. 

March  25 

450 

1012 

0.5 

March  26 

350 

1016 

March  27 

200 

1030 

2.0 

March  28 

250 

1022 

1.0 

infiltration  of  mononuclear  cells  throughout  the  interstitial  tissue  (fig. 
12).  This  infiltration  is  not  uniform.  In  many  places  it  forms  dense 
masses  which  compress  and  obscure  the  tubular  parenchyma.  These 
tubules  contain  casts  and  occasional  masses  of  necrotic  cells,  but  almost 
always  retain  a  low,  cubical,  well  preserved  epithelium.     Where  the 
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tubules  are  not  so  markedly  compressed,  they  likewise  contain  foreign 
elements  in  their  lumina,  and  a  higher  vacuolated  epithehum  which,  in 
many  places,  shows  regenerative  mitosis  (fig.  13). 

Throughout  the  cortex  the  glomeruh  are  very  conspicuous.  They 
are  all  enlarged,  relatively  acellular  and  stain  pale  pink  in  contrast  to 
the  deep  blue-streaked  cortex.  They  contain  little  blood.  The  glo- 
merular capsule  is  surrounded  by  mononuclear  cells  similar  to  those  in 
the  remainder  of  the  interstitial  tissue.  Otherwise  the  capsule  is  deli- 
cate. The  glomerular  space  is  usually  well  defined  and  may  contain 
occasional  blood  cells,  polymorphonuclear  leucocytes,  or  serum.  T  e 
glomerular  tuft  in  many  places  shows  hyahnization  and  accumulations 
of  polymorphonuclear  leucocytes.  Furthermore,  adhesions  between 
tuft  and  capsule  occur,  although  not  very  frequently  (fig.  14).  The 
larger  blood  vessels  show  a  definite  thickening  of  the  walls,  which  ap- 
parently involves  both  intima  and  media,  although  the  latter  to  a  more 
marked  degree  (fig.  15).  The  left  uninjected  kidney  shows  a  few  areaa 
of  interstitial  infiltration  with  small  mononuclear  cells. 

DISCUSSION 

The  above  experiment  approximates  in  its  histological  results 
more  nearly  the  chronic  progressive  renal  lesion  found  spontane- 
ously in  the  dog.  However,  since  this  animal  was  sacrificed  in 
the  attempt  to  study  the  differential  function  of  the  two  kid- 
neys, a  second  case  of  the  group  may  be  presented  to  illustrate 
more  clearly  the  progressive  nature  of  the  lesion. 

Illustrative  case  No.  II.  Dog.  19.  On  March  1,  1916,  under  ether 
anesthesia,  a  laparotomy  was  performed  and  5  cc.  of  a  milk  culture  of 
b.  bronchisepticus  was  injected  into  the  right  renal  artery.  During 
the  subsequent  week  the  animal  seemed  entirely  well.  The  urine  con- 
tained a  sHght  trace  of  albumen;  the  phenolsulphonephthalein  output 
in  one  hour  was  50  per  cent. 

A  second  laparotomy  on  March  9  showed  the  right  kidney  surrounded 
by  rather  numerous  adhesions  which  bound  it  to  the  head  of  the  pan- 
creas. It  was  somewhat  enlarged,  and  its  surface  was  deep  red,  with 
fine  yellowish  mottlings.  A  small  wedge  was  excised  for  microscopic 
examination. 

Microscopic  examination  of  kidney  nine  days  after  injection.  The  cap- 
sule is  irregularly  thickened  by  vascular  granulation  tissue.     The  cortex 
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of  the  kidney  is  uniformly  changed.  The  interstitial  tissue  is  increased 
and  appears  as  a  loose,  young,  connective  tissue  stroma  which  does  not 
compress  the  parenchyma  of  the  cortex  to  any  extent  (fig.  16).  The 
tubules  are  indistinctly  made  out  on  account  of  the  very  extensive  epi- 
thelial necrosis  which  has  everywhere  taken  place.  In  most  instances 
the  epithelium  of  the  convoluted  tubules  lies  free  within  the  lumen,  and 
appears  as  a  pale  pink-staining  cast.  There  is,  however,  a  low  epithe- 
lium to  be  seen  in  the  collecting  tubules,  and  some  evidence  of  early 
degeneration  in  the  convoluted  ones  (fig.  17).  The  glomeruli  vary 
greatly  in  appearance.  Many  of  them  show  extensive  vacuolization, 
with  the  walls  of  the  tuft  spread  wide  apart,  and  plastered  in  many 
places  to  the  capsule.  Others  show  marked  increase  and  swelling  in 
the  cellular  elements  of  the  tuft.  Still  others  are  engorged,  and  cells, 
as  well  as  serum,  may  fill  the  glomerular  space  (fig.  18).  The  glomeru- 
lar capsules  are  involved  in  the  same  process  described  in  the  intersti- 
tial tissue  elsewhere.  They  show  a  slight  increase  of  loose  connective 
tissue  at  their  peripheries.  There  are  no  marked  changes  in  the  blood 
vessels. 

The  animal  recovered  rapidly  from  this  second  operation.  On  March 
15  the  urine  contained  only  the  slightest  trace  of  albumen;  the  sedi- 
ment was  negative. 

Chart  IV  indicates  the  further  progress  of  the  disease. 

Autopsy.  All  the  organs  are  normal  except  the  right  kidney  which 
is  surrounded  by  some  adhesions;  it  is  small  and  shrunken  in  appear- 
ance and  weighs  only  6.5  grams  (fig.  19).  There  is  no  evident  cardiac 
hypertrophy. 

Microscopic  examination  of  kidney  removed  at  autopsy  fifty  days 
after  injection. 

The  entire  capsule  is  thickened  by  fibrous  tissue.  The  cortex  is  ir- 
regularly involved  by  the  chronic  inflammatory  process  (fig.  20).  In 
the  areas  most  markedly  involved  the  fibrous  tissue  is  dense  and  has 
caused  an  almost  complete  disappearance  of  the  tubules.  Most  of 
them  have  minute  lumina  and  a  very  low  epithelium,  others  have  very 
large  lumina  containing  a  pink-staining,  albuminous  material.  In  the 
more  extensively  scarred  areas  the  glomeruli  are  still  abundant  and 
conspicuous  on  account  of  absence  of  the  tubules.  They  vary  from 
very  small  ones  to  those  several  times  the  normal  size,  and  show  all 
stages  of  necrosis,  healing  with  adhesion  formation,  and  hyalinization 
(fig.  21).  The  blood  vessels  in  these  densely  scarred  areas  have  some- 
what thickened  walls,  although  this  is  not  conspicuous.     In  nearby 


CHART  IV 

Dog  19 


URINE 

DATE 

C 
§ 

S 
< 

Specific 
gravity 

Albu- 
min, 
grams 
per  liter 

Microecopic 
examination 

REMARKS 

ee. 

March  18 

220 

1042 

0.5 

March  19 

260 

1040 

4.0 

March  20 

250 

1035 

1.0 

Many 

casts. 

March  21 

120 

1035 

0.25 

Occasional 
cast. 

March  22 

40(?) 

1045 

4.0 

Phenolsulphonephthalein  50  per 
cent  in  one  hour.  Blood  urea 
48  mgm.  per  100  cc.  Animal  has 
marked  general  infection  and  is 
sick. 

March  23 

150 

1020 

2.0 

March  24 

150 

1038 

1.5 

Occasional 
cast. 

Animal  is  better,  but  does  not  eat. 

March  25 

110 

1040 

1.5 

March  26 

200 

1035 

0.5 

March  28 

140 

1020 

0.25 

Much  better;  eats  and  walks. 
Nose  and  ej'es  are  almost  clear. 

March  29 

450 

1010 

Trace 

March  30 

460 

1010 

0.25 

March  31 

450 

1010 

April      4 

450 

1008 

Trace 

April      6 

420 

1012 

0.25 

April      7 

450 

1012 

0.25 

Operation.     Left  nephrectomy. 

April      8 

200 

1010 

April      9 

140 

1012 

April     10 

150 

1012 

April     11 

290 

1012 

0.5 

Few  casts; 
much 
pus;  oc- 
casional 
epitheli- 
al cell. 

Phenolsulphonephthalein  output  a 
trace  in  one  hour.  Blood  urea 
114  mgm.  per  100  cc. 

AprU     12 

140 

1012 

April     13 

260 

1022 

0.5 

Phenolsulphonephthalein  output 
a  trace  in  one  hour.  Blood  urea 
186  mgm.  per  100  cc. 

April     14 

Vomits.  Urine  cloudy.  Blood 
urea  358  mgm.  per  100  cc. 

April    15 

75 

1017 

2.0 

April    17 

250 

1010 

2.0 

Vomits,  drowsy,  condition  poor. 
Blood  urea  348  mgm.  per  100  cc. 

April     18 

Death. 
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areas  the  changes  are  less  extensive  but  have  the  same  general  charac- 
teristics. The  tubules  in  particular  are  of  interest  on  account  of  their 
increased  size  and  the  very  high,  extensively  vacuolated  epithelium 
which  lines  then. 

The  uninjected  kidney,  removed  thirty-eight  days  after  initial  op- 
eration, shows  an  occasional  area  of  small,  round  cell  infiltration  of  the 
interstitial  tissue  with  an  associated  dilation  of  the  tubules  and  an  atro- 
phy of  their  lining  epithelium.  These  extend  along  the  course  of  the 
blood  vessels,  which  have  somewhat  thickened  walls.'  No  glomerular 
changes  are  to  be  seen. 

DISCUSSION 

The  above  two  protocols  of  Group  III  are  characteristic  of  the 
changes  found  in  a  number  of  animals  subsequent  to  the  injection 
of  b.  bronchisepticus  into  the  renal  artery.  The  definite  evi- 
dences of  general  infection  were  associated  with  and  followed  by 
acute  renal  changes  which  in  part  subsided  with  resultant  gross 
and  histological  changes  typical  of  those  found  spontaneously 
in  the  dog  and  in  the  better  known  small  granular  kidney  of 
chronic  diffuse  nephritis  in  man. 

The  initial  acute  changes  in  the  kidney  were  so  severe  that 
they  resulted  in  rapid  and  extensive  anatomical  alteration  of  the 
renal  cortex  together  with  impairment  of  its  function  so  that 
death  from  renal  insufficiency  occurred  shortly  after  the  removal 
of  the  uninvolved  kidney. 

CONCLUSIONS 

Spontaneous  renal  lesions,  similar  even  in  detail  to  those  found 
in  the  human  kidney  in  the  progressive,  non-suppurative  types 
of  nephritis,  occur  in  dogs.  A  similar  condition  may  be  experi- 
mentally produced  by  the  injection  of  the  bacillus  bronchisep- 
ticus into  the  renal  artery  of  dogs. 

The  results  of  this  injection  vary,  but  the  animals  tend  to 
group  themselves  as  follows : 

1.  Those  in  which  no  demonstrable  general  infection  occurs; 
the  kidney,  however,  shows  immediate  acute  inflammatory  lesions 
which  rapidly  subside  and  result  in  focal  scars  associated  with 
intermittent  albuminuria  and  cylindruria. 
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2.  Those  that  died  acutely  with  a  fuhninating  renal  lesion  and 
an  acute  general  infection. 

3.  Those  in  which  there  was  definite  evidence  of  general  in- 
fection as  well  as  renal  involvement.  The  first  subsided  while 
the  kidney  changes  progressed,  and  led  so  rapidly  to  functional 
impairment  that  the  organ  was  unable  to  maintain  its  efiiciency 
after  the  other  kidney  had  been  removed. 

EXPLANATION  OF  PLATES 

Spontaneous  Renal  Lesion 

Fig.  1.  The  cortex  of  the  kidney  shows  patchy  scars  infiltrated  with  mononu- 
clear cells,  glomerular  adhesions  and  dilated  tubules. 

Fig.  2.  Is  an  enlargement  from  figure  1  and  shows  the  glomerular  and  tubular 
changes  in  detail. 

Group  I.  Animals  that  showed  only  a  transient  renal  lesion  following  the  injection 
ofb.  bronchisepticus  into  the  renal  artery. 

Fig.  3.  Shows  the  acute  diffuse  capsular  and  the  focal  cortical  inflammatory  re- 
action present  in  the  kidney  six  days  after  injection  of  the  renal  artery. 

Fig.  4.  A  glomerulus  from  figure  3  enlarged  to  show  the  hyaline  thrombus  in 
the  tuft. 

Fig.  5.  Section  of  the  same  kidney  represented  in  figures  3  and  4  thirty-two 
days  later.  The  capsule  is  thickened  and  focal  scars  are  scattered  through  the 
cortex. 

Group  II.    AnimcUs  that  died  acutely  with  a  fulminating  renal  lesion  and  an  acute 

general  reaction. 

Fig.  6.  A.  Actual  size  and  appearance  of  the  right  kidney  at  autopsy  six  days 
after  injection  of  b.  bronchisepticus  into  the  right  renal  artery. 

B.  The  left  kidney  of  the  same  animal. 

Fig.  7.  A  second  example  of  this  group.     The  reaction  is  somewhat  less  severe. 

Fig.  8.  Fairly  well  preserved  kidney  tubules  spread  apart  by  masses  of  red  and 
white  blood  cells. 

Fig.  9.  Emboli  in  the  capillary  tuft,  necrosis  and  hemorrhage  into  the  capsu- 
lar space. 

Fig.  10.  Miliary  abscess  of  a  glomerulus. 

Group  III.  Animals  which  showed  a  milder  immediate  renal  lesion  which  •pro- 
gressed after  the  general  reaction  had  subsided. 

Fig.  11.  A.  Actual  size  and  appearance  of  right  kidney  at  autopsy  eighteen 
days  after  the  injection  of  b.  bronchisepticus  into  the  right  renal  art«ry. 

B.  The  left  kidney  of  the  same  animal. 

Fig.  12.  Diffuse  mononuclear  infiltration  throughout  the  renal  cortex. 
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Fig.  13.  An  enlargement  from  figure  12,  shows  mononuclear  infiltration  of  the 
interstitial  tissue,  dilatation  of  the  tubules  and  degeneration  of  their  epithelium. 

Fig.  14.  An  enlargement  from  figure  13,  shows  a  characteristic  glomerular 
adhesion. 

Fig.  15.  Shows  the  accumulation  of  mononuclear  cells  around  the  larger  blood 
vessels. 

Fig.  16.  Is  taken  from  a  section  of  kidney  nine  days  after  injection  of  the  re- 
nal artery.  The  capsule  shows  an  extensive  subacute  reaction.  The  tubular, 
glomerular  and  interstitial  tissues  are  represented  in  the  following  two  figures. 

Figs.  17  and  18.  The  epithelium  of  the  convoluted  tubules  is  necrotic,  the 
interstitial  tissue  infiltrated  with  mono-  and  polynuclear  cells,  the  glomerulus 
greatly  swollen  and  infiltrated  with  cells. 

Fig.  19.  A.  Actual  size  and  appearance  of  right  kidney  removed  at  autopsy 
fifty  days  after  injection  of  renal  artery. 

B.  Left  kidney  of  same  animal  for  comparison.  There  is  a  slight  compensa- 
tory hypertrophy. 

Fig.  20.  (Compare  with  figure  16.)  A  section  of  the  kidney  fifty  days 
after  injection.  It  shows  a  fibrous  capsule,  diffuse  scarring  of  the  cortex  and 
tubular  and  glomerular  changes  as  shown  in  figure  21  and  figure  22. 
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A  CASE  OF  MULTIPLE  MYELOMATA  WITH  CHRONIC 

NEPHRITIS  SHOWING  BENCE-JONES  PROTEIN 

IN  URINE  AND  BLOOD  SERUM 

VICTOR  C.  JACOBSON 
From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hospital,  Boston 

Since  the  description  in  1848  by  Bence-Jones  and  Mac- 
Intyre  (1)  of  a  case  of  "Mollities  Ossium"  with  a  peculiar  urinary- 
protein  and  ''gelatiniform  tumors  of  vertebrae  and  ribs,"  over 
a  hundred  cases  have  been  recorded  presenting  either  or  both 
features  of  this  unusual  syndrome.  Von  Rustizky  (2)  in  1876 
first  employed  the  term  "multiple  myelomata"  in  describing 
the  condition  and  the  appellation  has  persisted,  although,  as 
Collins  says,  rather  because  of  the  situation  of  the  tumor  than 
on  account  of  a  uniform  histogenesis. 

The  literature  of  multiple  myelomata  and  allied  conditions 
has  been  re\'iewed  thoroughly  by  Jellinek  (3),  Menne  (4),  and 
Simon  (5)  and  more  recent  cases  have  been  summarized  by  Vance 
(6),  so  that  it  is  not  necessary  to  make  an  exhaustive  review  of 
this  subject  in  the  present  paper. 

The  disease  can  still  be  considered  a  rarity  although  its  fre- 
quency in  recent  years  has  increased.  In  the  present  instance, 
however,  several  unusual  compUcations  make  it  especially  note- 
worthy, among  them  is  the  fact  that  this  is  probably  the  first 
case  in  which  definite  clinical  evidence  of  advanced  nephritis 
has  been  associated  with  retention  of  a  large  measurable  amount 
of  the  Bence-Jones  protein  in  the  circulating  blood. 

The  patient  was  a  Chinaman,  aged  63  years,  admitted  to  the  New 
England  Baptist  Hospital,  September  10,  1916,  house  service  of  Dr. 
George  S.  C.  Badger,  and  seen  in  consultation  by  Dr.  Harry  W.  Good- 
all  and  Dr.  Loring  T.  Swaim.  He  complained  at  that  time  of  having 
had  a  stiff  and  painful  back  for  three  months  and  of  loss  of  weight  and 
strength.     Physical  examination  showed  stiffness  of  the  entire  spine 
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and  pain  in  the  lower  lumbar  and  sacral  region.  His  haemoglobin  was 
35  per  cent,  red  blood  cells  2,600,000;  blood  smear  showed  consider- 
able achromia,  many  small  forms,  but  no  abnormal  leucocytes.  The 
urine  was  clear,  pale,  specific  gravity  1016,  acid,  "albumose"  1  per  cent, 
no  sugar.  There  was  a  copious  precipitate  at  about  60°C.,  largely 
clearing  on  boiling  but  not  reappearing  with  cooling.  The  precipitate 
formed  with  concentrated  HNO3  largely  cleared  with  boiling  and  re- 
appeared on  cooling.  The  sediment  contained  a  rare  hyaline  cast. 
Roentgen  examination  by  Dr.  Morrison,  showed  evidences  of  hyper- 
trophic changes  of  the  lumbar  spine  and  sacro-iliac  joints;  a  destructive 
process  in  the  crest  of  the  right  ilium  and  sacro-iliac  joint,  suggestive 
of  carcinomatous  involvement;  and  a  somewhat  similar  process  on  the 
left.  The  patient  was  discharged  unrelieved  from  the  New  England 
Baptist  Hospital  to  the  Peter  Bent  Brigham  Hospital  on  November  11, 
1916,  with  the  diagnosis  of  multiple  myelomata. 

On  admission  to  the  Peter  Bent  Brigham  Hospital  (Med.  No.  5581) 
his  past  history  was  found  to  be  essentially  negative.  Ten  months 
before  admission  he  had  had  an  attack  of  coryza  which  lasted  four 
weeks.  Six  weeks  later  he  had  a  severe,  sudden  pain  in  the  lower  back 
radiating  down  both  legs.  This  persisted  with  several  remissions  for 
about  five  weeks,  most  marked  when  he  walked.  He  grew  progressively 
weaker  after  the  attack  of  coryza.  Six  months  ago  he  had  a  sudden, 
severe  pain  in  the  left  shoulder  and  the  chest  became  acutely  painful. 
This  was  followed  in  a  few  days  by  a  similar  condition  in  the  right  chest. 
Breathing  was  very  painful  and  a  slight  cough  added  much  to  the 
irritation.  Two  months  ago  all  his  pains  became  so  severe  that  he  was 
unable  to  move  from  bed.  During  the  last  ten  days  previous  to  en- 
trance he  vomited  unstained  food  material  five  or  six  times  a  day,  usually 
without  nausea.     He  lost  considerable  weight  in  the  last  ten  months. 

Physical  examination  on  November  11,  1916,  shows  an  anaemic, 
pasty-looking  Oriental,  lying  in  bed,  every  slightest  movement  causing 
expressions  of  acute  pain.  His  mucous  membranes  are  pale.  The 
heart  is  slightly  enlarged  to  the  left;  a  systolic  bruit  is  heard  over  the 
entire  precordium,  most  intense  at  the  mitral  area.  The  thorax  is 
asymmetrical  with  a  bulging  of  the  ribs  in  the  right  back  with  right 
dorsal  scoliosis.  The  right  chest  and  back  show  diminished  resonance 
with  bronchial  breathing  and  many  fine  and  coarse  r^les.  The  left 
chest  shows  similar  signs  though  less  marked.  The  ribs  on  both  sides 
are  tender,  with  nodosities,  defects,  and  fractures  easily  demonstrable 
in  many  of  them.     The  spine  is  held  rigid  with  marked  tenderness 
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over  the  sacrum  and  lower  lumbar  region.  The  left  shoulder  muscles 
are  spastic;  left  supra-scapular  region  is  distinctly  tender.  The  blood 
pressure  is  116  systoHc;  60  diastoUc.  The  reflexes  are  much  exaggerated; 
a  double  ankle  clonus  is  present. 

On  admission  the  blood  examination  was  as  follows:  white  blood 
corpuscles  9800;  red  blood  corpuscles  2,384,000;  hemoglobin  32  per 
cent;  color  index  0.66.  Differential  count — ^250  cells;  polymorpho- 
nuclears 76.5  per  cent,  lymphocytes  11.7  per  cent,  large  mononuclears 
9.6  per  cent,  eosinophiles  1  per  cent,  myelocytes  1  per  cent.  The  red 
blood  cells  show  marked  stippling,  achromia  and  anisocytosis.  No 
nucleated  forms  are  seen. 

The  sputum  is  negative  except  for  the  presence  of  many  streptococci. 
The  urine  is  pale,  cloudy,  acid,  specific  gravity  1012.  It  contains  no 
reducing  substance.  The  addition  of  concentrated  nitric  acid  causes  a 
heavy,  whit€,  sticky  precipitate  which  on  boiling  almost  entirely  dis- 
appears but  reappears  on  cooling.  The  first  24  hour  specimen  of  urine 
is  550  cc.  in  amount,  pale,  cloudy,  acid,  specific  gravity  1015,  Bence- 
Jones  protein,  0.7  per  cent  (Esbach).  The  sediment  shows  occasional 
white  blood  cells  and  many  squamous  epithehal  cells.  On  November 
17  the  elimination  of  phenolsulphonephthalein  was  zero  in  two  hours. 

November  12.  Wassermann  report  by  Dr.  MacPherson.  Inactivat- 
ing serum  at  60°C.  for  thirty  minutes  causes  a  heavy  creamy  precipita- 
tion.    The  clear  filtrate  gives  a  negative  Wassermann  reaction. 

November  14-  Roentgen  report  by  Dr.  Gladys  Carr:  Examination 
of  the  skull  shows  innumerable  circular  areas  of  rarefaction.  The  out- 
lines are  distinct;  size  varies  from  a  diameter  of  about  1  cm.  to  one  of 
about  1  mm.  These  areas  are  more  numerous  in  the  region  of  the 
anterior  parietal  bone.  They  are  also  seen  in  the  mandible.  In  the 
shoulders  there  are  similar  findings  in  the  proximal  thirds  of  the  humeri, 
in  the  acromion  processes  and  in  the  distal  ends  of  both  clavicles.  In 
the  ribs  are  seen  many  old  fractures  through  rarefied  aresis,  especially 
marked  in  the  left  axillary'  region.  There  is  a  shght  attempt  at  repair, 
with  a  moderate  amount  of  new  formed  bone  in  the  regions  of  the 
fractures.  Bone  atrophy  is  marked  in  all  the  ribs  and  in  the  entire 
spine.  The  intervertebral  spaces  are  much  narrowed.  In  the  tibiae 
are  a  few  small  areas  of  rarefaction,  and  in  the  iha,  near  the  anterior 
aspects  of  both  crests,  the  rarefied  areas  are  rather  large.  In  the  proxi- 
mal third  of  the  femora  may  be  seen  similar  abnormal  findings.  The 
findings  are  those  of  multiple  myelomata. 

Fmlher  blood  examinations  showed  on  November  16,  hemoglobin 
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30  per  cent  (Sahli);  red  blood  corpuscles  1,080,000;  white  blood  cor- 
puscles 8,800.  Differential  count:  250  cells,  polymorphonuclears  76 
per  cent,  myelocytes  4.8  per  cent,  lymphocytes  14.8  per  cent,  transition- 
als  2.4  per  cent,  large  mononuclears  0.8  per  cent,  eosinophiles  0.8  per 
cent,  basophiles  0.4  per  cent,  5  megaloblasts,  and  many  stippled  red 
blood  cells,  anisocytosis  and  polychromatophila.  On  November  21 
the  blood  showed  a  hemoglobin  of  19  per  cent  (Sahli);  red  blood  cor- 
puscles 1,280,000;  white  blood  corpuscles  6,200.  Differential  count: 
polymorphonuclears  81.2  per  cent,  myelocytes  7.6  per  cent,  lympho- 
cytes 10.4  per  cent,  eosinophiles  0.4  per  cent,  basophiles  0.4  per  cent. 
There  were  many  normoblasts  and  megaloblasts  seen  in  counting  250 
cells  and  anisocytosis  and  poikylocytosis  were  pronounced. 

A  note  made  on  November  21  is  as  follows:  "For  the  last  two  days 
the  patient  has  had  to  be  catheterized.  He  has  gone  steadily  down  hill; 
his  anaemia  progressively  has  increased,  and  he  has  eaten  but  little. 
Whenever  there  has  been  evidence  of  pain  he  has  been  given  morphine 
immediately.  Last  night  his  temperature  rose  to  102°  and  this  morning 
it  is  103°.  In  the  evening  he  suddenly  became  pulseless  and  his  res- 
pirations changed  to  a  very  markedly  periodic  character.  He  became 
unconscious  and  never  regained  consciousness.  At  this  time  the  fronts 
of  the  lungs  were  negative  save  for  a  slightly  harsh  respiration  over  the 
right  apex,  but  the  character  of  the  respiration  was  entirely  masked 
by  the  numerous  rhonchi.  The  patient  died  on  November  21  at 
9.07  p.m.  from  respiratory  failure." 

Autopsy  was  performed  thirteen  hours  after  death  by  Dr.  E.  W, 
Goodpasture. 

Anatomical  diagnosis.  Multiple  myelomata  involving  ribs,  sternum, 
vertebra,  skull,  and  femur;  right  broncho-pneumonia;  acute  fibrino- 
purulent  pleuritis,  right;  chronic  diffuse  nephritis;  fatty  degeneration 
of  the  liver;  adenoma  of  pancreas;  hypertrophy  of  prostate;  chronic 
adhesive  peri-orchitis,  left.  (Of  the  autopsy  description  only  the 
notes  on  the  kidney  and  skeletal  system  need  be  given.) 

Kidneys.  Embedded  in  large  amount  of  perirenal  fat.  Capsule  is 
adherent.  When  the  capsule  is  stripped  off  the  kidneys  are  found  to 
be  very  small  and  pale  with  surface  made  granular  and  irregular  by 
innumerable  cysts  varying  in  size,  most  of  them  being  about  1  to  2  mm., 
largest  1.5  cm.  in  diameter.  Most  of  these  cysts  appear  clear  and 
yellowish,  although  others  are  opaque  and  whitish.  On  section  the 
pallor  of  the  kidney  is  very  striking.  Striation  is  completely  obliterated. 
The  left  kidney  weighs  75  grams.  The  right  kidney  is  similar  in 
appearance  to  the  left  kidney  and  about  the  same  size. 
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Microscopic  study  of  the  kidney  shows  that  the  capsule  contains  a 
few  small  atrophic  scars.  Directly  beneath  it  there  are  a  few  small 
cysts  containing  a  serous  fluid.  The  arteries  show  considerable  thick- 
ening; the  glomerular  capillaries  are  markedly  hyaline  and  thickened, 
many  glomeruli  being  hyahnized.  There  is  a  diffuse  connective  tissue 
increase  in  the  stroma  of  the  cortex.  Bowman's  capsule  is  thickened 
everywhere.  The  cortex  is  atrophied  and  oedematous.  There  are  a 
large  number  of  hyaline  casts  present.  The  connective  tissue  increase 
and  atrophy  of  the  renal  tissue  is  most  marked  in  the  pyramids. 

Skeletal  system.  When  the  sternum  is  removed  numerous  enlarge- 
ments along  the  course  of  most  of  the  ribs  can  be  seen,  projecting  more 
towards  the  thoracic  cavity  than  outward.  These  enlargements  are 
fusiform  in  shape  and  vary  in  color  from  reddish  purple  to  pale  gray. 
On  palpation  some  of  them  are  found  to  be  covered  by  a  thin  shell- 
like layer  of  bone  which  breaks  easily  on  pressure,  causing  crepitation. 
Others  feel  as  if  they  are  lined  simply  by  a  thick  tissue  membrane.  On 
section  these  enlargements  are  found  to  be  tumor  masses  rising  from  the 
medullary  portion  of  the  bones  and  growing  outward,  destroying  the 
bony  tissue  with  their  advance.  In  several  such  areas  fracture  had 
occurred.  On  cut  section  the  tumor  masses  vary  in  consistency  from  a 
softness  like  that  of  normal  bone  marrow  to  a  great  firmness.  The 
color,  structure  and  characteristics  vary  with  consistency.  The 
softer  ones  are  largely  reddish  in  color  or  they  have  a  reddish  purple 
center  with  a  grayish  semi-translucent  zone  about  them.  The  hard 
areas  are  composed  entirely  of  gray  semi-translucent  compact  tissue 
which  has  a  rather  nodular  appearance  on  cut  surface.  These  tumors 
are  found  in  many  ribs  and  on  one  of  the  thoracic  vertebrae  extending 
inward.  Section  through  the  body  of  the  sternum  shows  it  to  be  filled 
with  purple  marrow-Uke  material  in  which  are  small  areas  of  gray, 
translucent,  evidently  tumorous  tissue. 

Sections  of  the  tumor  show  it  to  be  composed  of  medium  sized 
polygonal  cells  lying  in  a  loose  reticular  stroma.  These  cells  are  basic 
in  reaction  and  have  a  definite  outline.  These  nuclei  are  large,  occupy- 
ing one-half  to  one-third  of  the  cell.  They  are  reticular  and  clear, 
chromatin  being  arranged  about  the  nuclear  membrane.  These  nuclei 
are  eccentrically  placed,  having  about  them  an  acidophihc  crescentic 
zone.  Cytoplasm  about  this  zone  is  basophilic.  There  is  an  acido- 
philic nucleolus  in  each  nucleus.  The  tumor  is  a  myeloma  of  the  plasma 
cell,  non-granular,  non-oxydase  type. 
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This  then  was  a  typical  case  of  multiple  myeloma.  Blood 
was  taken  in  small  amount;  the  patient's  severe  anaemia  made 
it  seem  unwise  to  bleed  more  than  a  small  amount.  As  much 
urine  was  collected  as  was  possible  during  the  brief  period  of  the 
patient's  stay  at  the  Peter  Bent  Brigham  Hospital.  Study  of  the 
blood  and  urine  yielded  the  following  results. 

QUALITATIVE    METHODS 

The  protein  obtained  from  the  urine  by  precipitation  at  54° 
was  washed  five  times  with  distilled  water  and  centrifugalized 
each  time  for  ten  minutes.  A  suspension  in  distilled  water  was 
used  for  the  following  observations:  (1)  A  faint  opalescence 
remained  at  90°  but  most  of  the  substance  had  dissolved,  begin- 
ning to  do  so  at  about  80°.  Cooling  caused  a  definite  increase 
in  turbidity.  (2)  Suspension  was  treated  with  excess  of  glacial 
acetic  acid.  It  partially  cleared  in  the  cold  and  totally  at  70°. 
(3)  Suspension  was  treated  with  one  drop  of  concentrated  HNO3. 
A  curd  formed  at  80°  which  partially  dissolved  on  boiling  for 
five  minutes,  with  an  increase  of  turbidity  appearing  on  cooling. 

The  urine  and  isolated  protein  gave  a  strongly  positive  biuret 
reaction.  Boston's  (7)  test  for  loosely  combined  sulphur  was 
strongly  positive  on  the  protein.  This  test  consists,  briefly, 
in  making  the  urine  alkaline  with  strong  NaOH  solution,  heating 
to  boiling  and  then  adding  several  drops  of  10  per  cent  lead 
acetate  solution  and  continuing  the  boiling.  The  creamy  pre- 
cipitate becomes  brown,  dark  brown,  and  finally  dull  black 
when  the  test  is  positive. 

The  protein  was  precipitated  completely  from  the  urine  on 
one-half  saturation  with  ammonium  sulphate.  When  it  was 
dissolved  in  distilled  water  it  gave  the  characteristic  reactions. 
The  protein  dissolved  in  10  per  cent  Na2C03  solution  did  not 
pass  through  a  dialysing  membrane  nor  was  it  precipitated  by 
dialysis. 

The  patient's  urine  when  heated  to  54°C.  formed  a  dense  white 
precipitate  of  rather  sticky  consistency.  At  90°  this  was  almost 
entirely  redissolved  although  some  cloudiness  remained.     Two 
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drops  of  glacial  acetic  acid  were  added  and  the  heating  con- 
tinued to  boiling.  The  urine  became  clearer  on  boiUng  with  acid 
than  without  the  acid.  On  cooling  under  a  stream  of  cold  water 
a  definite  increase  in  turbidity  was  noted. 

Acidulation  of  the  urine  with  concentrated  HNO3  caused  an 
abundant  creamy  precipitation  in  the  cold.  On  boiling,  the 
curds  assumed  a  peptone-pink  tinge  and  in  a  minute  were  practi- 
cally entirely  redissolved.  Coohng  caused  a  prompt  return  of  the 
heavy  deposit.  The  same  phenomenon  was  observed  upon  the 
addition  of  concentrated  HCl,  which  is  Bradshaw's  test  for  the 
Bence  Jones  protein. 

The  addition  of  picric  acid  to  the  urine  caused  a  heavy  yellow 
precipitation  in  the  cold.  This  was  washed  repeatedly  with 
distilled  water  to  remove  excess  of  picric  acid.  The  substance 
thus  precipitated  dissolved  completely  on  boiUng  with  distilled 
water  and  reappeared  on  coohng.  A  slight  excess  of  glacial 
acetic  acid  was  added  to  a  suspension  of  the  picric  acid  precipi- 
tate in  distilled  water  and  at  80°  solution  was  complete,  with  no 
return  on  coohng.  The  addition  to  another  portion  of  the  same 
suspension  of  concentrated  HNO3  caused  a  prompt  return  of  the 
substance  out  of  solution.  This  precipitate  after  the  addition 
of  HNO3  dissolved  at  90°  but  did  not  reappear  with  the  tempera- 
ture lowered  to  30°.  NeutraUzing  this  solution  with  NH4OH  pro- 
duced no  apparent  change. 

In  doing  the  routine  Wassermann  test  inactivating  the  blood 
serum  at  56°C.  for  thirty  minutes  produced  a  heavy  creamy 
precipitate.  This  precipitate  was  filtered  off.  The  filtrate 
gave  a  negative  Wassermann  reaction.  The  precipitate  was 
washed  several  times  with  distilled  water  to  remove  any  traces 
of  serum  albumin  and  globuhn.  It  was  soluble  in  10  per  cent 
NaoCOs,  gave  positive  biuret  and  Boston  tests,  and  would  not 
pass  through  a  dialyzing  membrane. 

The  washed  protein  substance  from  the  blood  and  the  washed 
material  from  the  urine  behaved  in  the  same  manner  wdth  the 
various  chemical  reagents  used.  A  solution  of  the  blood  protein 
in  10  per  cent  NaaCOa  was  added  to  normal  urine.  The  addi- 
tion of  a  few  drops  of  concentrated  HNO3  produced  a  copious 
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creamy  precipitate  which  disappeared  completely  on  boiling 
and  reappeared  on  cooling.  Acidulation  of  the  urine  with  glacial 
acetic  acid  produced  a  slight  white  precipitate  which  became 
abundant  at  60°C.,  almost  entirely  dissolved  at  100°C.,  and 
reappeared  on  cooling. 

These  reactions  indicate  that  the  urinary  protein  and  the 
abnormal  blood  protein  are  the  same  substance,  each  giving 
the  characteristic  tests  for  the  Bence- Jones  protein.  The  slight 
differences  in  reaction  between  the  washed  protein  and  the  same 
substance  in  the  patient's  urine  are  probably  due  to  the  electro- 
lytes present  in  the  urine.  This  accords  in  a  general  way  with 
the  very  complete  studies  of  Hopkins  and  Savory  (8).  These 
writers  found  that  for  the  typical  phenomena  of  reversible  heat 
changes  to  be  complete,  definite  concentrations  of  salts  are 
necessary. 

QUANTITATIVE   METHODS 

To  estimate  the  quantity  of  Bence- Jones  protein  in  the  blood 
serum  it  was  first  necessary  to  eliminate  the  large  amount  of 
serum  albumin  and  globulin.  A  modification  of  the  method  of 
Folin  and  Denis  (9)  for  the  estimation  of  the  urinary  protein 
was  used.  The  fluid  portion  of  the  clotted  heart's  blood  was 
filtered  and  centrifugalized  until  clear. 

Five  cubic  centimeters  of  serum  in  a  weighed  centrifuge  tube 
was  heated  on  a  water  bath  at  58°C.  for  fifteen  minutes.  A  heavy 
creamy  precipitate  formed.  Fifteen  cubic  centimeters  of  0.9 
per  cent  NaCl  was  added  and  the  tube  whirled  in  the  centrifuge 
for  fifteen  minutes.  The  clear  supernatant  fluid  was  poured  off 
and  gave  typical  reactions  for  serum  albumin  but  negative  re- 
actions for  Bence-Jones  protein.  The  tube  was  then  filled  with 
cold  distilled  water  and  centrifugalized  for  fifteen  minutes. 
This  process  was  repeated  several  times  to  make  sure  that  all 
serum  albumin  and  globuhn  had  been  removed.  The  material 
was  then  washed  repeatedly  with  50  per  cent  ethyl  alcohol. 
After  drying  over  steam  for  five  hours  it  was  extracted  with 
ether  for  four  days  to  remove  fats.  It  was  then  placed  in  a  des- 
iccator until  a  constant  weight  was  reached.     By  this  method  the 
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blood  serum  obtained  from  the  heart  at  autopsy  was  found  to 
contain  7.86  per  cent  of  the  Bence-Jones  protein. 

The  quantitative  method  used  for  the  determination  of  the 
urinary  protein  was  the  ordinary  Esbach  procedure  and  eight 
days  and  two  days  respectively  before  death  the  urine  contained 
0.7  per  cent  and  0.8  per  cent.  The  filtrate  from  the  urine,  ob- 
tained after  removal  of  the  coagulum  at  54°,  showed  no  trace  of 
albumin  so  it  is  doubtful  if  there  was  any  present. 

A  feature  of  most  of  the  cases  of  multiple  myelomata  reported 
has  been  the  apparent  selective  action  of  the  renal  epithehum 
in  permitting  the  excretion  of  a  large  amount  of  abnormal  pro- 
tein with  a  holding  back  of  serum  albumin.  This  has  been  the 
rule  in  cases  with  normal  kidneys  and  frequently  occurred  in 
those  which  at  autopsy  showed  interstitial  or  parenchymatous 
changes.  In  the  present  case  where  there  was  more  severe 
renal  damage  as  shown  by  the  anatomical  condition  of  the  kidney 
at  autopsy  and  by  the  defective  'phthalein  excretion  before  death, 
no  sermn  albumin  was  demonstrable  in  the  urine  while  the  foreign 
protein  was  excreted  at  the  rate  of  0.7  per  cent  to  0.8  per  cent 
daily.  However,  apparently  owing  to  the  marked  renal  dis- 
turbance the  Bence-Jones  protein  was  Uterally  "dammed  back" 
in  the  blood  stream  where  at  the  time  of  death  it  reached  a 
concentration  of  nearly  8  per  cent. 

Other  observers  have  noted  evidences  of  renal  disturbance  in 
patients  with  myelomata  and  have  examined  the  blood  for  Bence- 
Jones  protein  largely  with  negative  results.  The  Uterature, 
however,  on  these  two  phases  of  the  condition  so  strikingly 
shown  in  our  case,  is  very  meagre.  Thomas  (10)  reported  a 
case  of  multiple  myelomata  in  which  the  urine  contained  0.73 
per  cent  of  albumin  and  0.225  per  cent  "albumose,"  and  the 
sediment  showed  many  hyahne  and  granular  casts.  There  was 
no  autopsy  report.  Parkes  Weber  (11)  examined  the  heart 
blood  from  his  case  and  was  unable  to  obtain  the  sUghtest  trace 
of  Bence-Jones  protein.  However,  he  attributed  his  negative 
findings  to  the  fact  that  only  a  limited  quantity  of  blood  was 
procurable  for  examination. 

Polyuria  and  polydypsia  with  cylindruria  and  transitory  al- 
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buminuria  occurred  in  a  case  reported  by  Collins  (12).  Autopsy- 
showed  chronic  interstitial  nephritis.  Coriat  (13)  found  Bence- 
Jones  protein  present  in  the  pleuritic  fluid  of  a  case  of  alcoholic 
polyneuritis  in  a  concentration  of  4  per  cent  with  negative  find- 
ings in  the  urine.  The  patient  died  some  time  later  and  autopsy 
showed  miliary  tuberculosis  but  no  bone  lesions  (14). 

The  only  other  instance  reported  where  there  was  demon- 
strable Bence- Jones  proteinemia  is  the  case  of  Ellinger  (15). 
He  found  in  the  blood  and  ascitic  fluid  of  a  case  of  multiple 
myeloma  a  substance  which  gave  the  typical  reactions  of  the 
Bence-Jones  body  but  it  was  not  present  in  measurable  amount. 
The  kidneys  were  of  normal  size  and  showed  only  slight  fatty 
changes. 

The  case  of  Hopkins  and  Savory  (8)  at  autopsy  showed  defi- 
nite interstitial  nephritis.  Folin  and  Denis  (9)  have  noted  the 
frequent  occurrence  of  a  few  hyaline  and  granular  casts  in  cases 
of  myeloma  with  no  clinical  evidence  of  nephritis.  Groat  and 
Brewer  (16)  recently  reported  a  case  which  had  a  'phthalein 
output  of  20  per  cent,  blood  pressure  of  130  to  135  systolic,  and  a 
high  blood  nitrogen. 

The  theories  as  to  the  origin  of  the  protein  are  nearly  as  numer- 
ous as  the  number  of  cases  reported.  Bence-Jones  thought  it 
to  be  an  "albumose."  Magnus  Levy,  who  has  obtained  it  in 
crystaUine  form,  showed  it  is  closely  related  to  true  albumin. 
The  fact  that  it  yields  albumose  on  digestion  and  metaproteins 
on  treatment  with  acids  and  alkalies  indicates  that  it  is  higher 
in  the  scale  of  protein  decomposition  products  than  the  proteoses. 

Huppert  believes  it  to  be  a  heteroalbumose ;  Kuhne  and  Chit- 
tenden, that  it  is  closely  related  to  the  globuhns.  Simon  thinks 
that  it  is  probably  derived  from  the  blood  albumins  through  the 
action  of  enzymes  from  the  abnormal  plasma  cells  of  the  bone 
marrow.  In  the  present  case  this  seems  to  be  the  most  logical 
explanation  of  the  origin  of  the  substance. 

In  Coriat 's  case  of  polyneuritis  the  protein  was  present  in 
large  amount  in  the  pleuritic  fluid  while  none  was  found  in  the 
urine.  He  explained  it  as  possibly  due  to  the  action  of  a  patho- 
logical pleuritic  fluid   on  the  exuding  native  blood  proteins. 
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According  to  Austin  (17)  the  prolonged  action  of  bacteria  on  fibrin 
and  nucleins  and  possibly  other  proteins  produces  proto  and 
heteroalbumoses.  This  might  serve  to  explain  the  formation 
of  Bence-Jones  protein  in  Coriat's  case  as  autopsy  showed  miliary 
tuberculosis  and  no  evidence  of  bone  involvement. 

DeCastello  regarded  the  protein  as  a  product  of  diseased  renal 
epithelium,  and  claimed  that  it  was  never  demonstrated  in  the 
urine  when  the  kidneys  were  normal.  However,  many  cases 
which  have  come  to  autopsy  have  shown  practically  normal 
kidneys  when  during  life  there  had  been  a  heavy  daily  output 
of  the  protein.  In  the  present  case  with  much  damaged  kidney 
tissue  there  was  an  output  of  0.8  per  cent  with  retention  of  a 
much  larger  amount. 

That  it  is  a  foreign  protein  in  the  tissues  is  the  opinion  of 
Abderhalden;  and  EUinger,  Stok\ds,  and  Matthes  by  injecting 
it  into  dogs  intravenously  and  per  rectum  found  that  it  was  ex- 
creted unchanged.  The  theory  of  Magnus  Levy  that  it  is  a 
product  of  abnormal  exogenous  protein  metabolism  has  been 
rendered  improbable  by  the  work  of  FoUn  and  Denis  (9),  and 
Hopkins  and  Savorv'  (8),  and  Groat  and  Brewer  (16),  who  found 
that  the  output  of  the  protein  was  not  influenced  by  changes  in 
diet. 

Abderhalden  and  Rostoski  (18)  by  several  injections  into  rab- 
bits produced  precipitins  which  reacted  aUke  with  the  Bence- 
Jones  protein  and  human  serum  and  its  proteins.  The  same 
observation  was  made  by  Boggs  and  Guthrie  (19).  Antihuman 
serum  will  react  with  the  Bence-Jones  protein,  according  to 
Hopkins  and  Savory.  That  the  substance  is  very  closely  re- 
lated to  the  blood  albumins  is  indicated  by  these  researches. 

Fleischer  found  a  substance  giving  similar  reactions  to  Bence- 
Jones  protein  in  normal  marrow  but  this  has  never  been  confirmed. 
Wood  and  Parkes  Weber  have  obtained  it  from  tumor  tissue  and 
Ellinger  from  tumor,  ascitic  fluid  and  the  blood. 

The  bulk  of  opinion  at  present  is  that  it  is  of  endogenous  origin, 
probably  derived  from  the  blood  proteins  through  the  action  of 
the  abnormal  cells  of  the  bone  tumor,  and  having  properties 
which  place  it  nearer  the  true  albumins  than  the  proteoses. 
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SUMMARY 


1.  The  case  reported  is  one  of  multiple  myelomata  of  the 
plasma  cell,  non-granular,  non-oxydase  type. 

2.  This  is  the  first  instance  reported  where  there  was  associated 
definite  clinical  evidence  of  advanced  nephritis  with  retention 
of  a  large,  measurable  amount  of  the  Bence-Jones  protein  in  the 
circulating  blood. 

The  writer  wishes  to  express  his  deep  appreciation  to  Dr. 
Henry  A.  Christian  for  the  privilege  of  reporting  this  case  and 
for  his  kind  advice  and  criticism.  Also  he  wishes  to  thank  Dr. 
E.  W.  Goodpasture  for  many  valuable  suggestions. 
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INJURIES  TO  THE   PANCREAS   FOLLOWING   OPERA- 
TIONS ON  THE  RIGHT  KIDNEY 

HUGH  HAMPTON  YOUNG  and  J.  A.  C.  COLSTON 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

Many  varied  complications  following  operations  on  the  kidneys 
have  been  recognized  and  reported  during  the  past  twenty-five 
years,  which  have  witnessed  the  development  and  perfection  of 
the  technique  of  renal  surgery.  However,  no  references  have 
been  found,  in  the  extensive  hterature  on  the  subject,  to  the 
grave,  though  fortunately  rare,  compUcation  which  may  arise 
as  a  result  of  accidental  injury  to  the  pancreas  during  the  course 
of  operative  procedures  upon  the  kidney.  Two  kidney  cases  re- 
cently operated  upon,  in  which  definite  evidences  of  pancreatic 
injury  could  be  demonstrated,  would  seem  to  justify  a  considera- 
tion of  the  condition  under  which  such  an  injury  would  be  Ukely 
to  occur  and  how  it  can  best  be  avoided. 

It  seems  highly  probable  that  in  a  not  inconsiderable  number 
of  cases  complicated  with  extreme  abdominal  distension  follow- 
ing an  operation  on  the  kidney,  the  causative  factor  is  an  unrec- 
ognized injury  to  the  pancreas.  So-called  post-operative  adynam- 
ic ileus  is  a  condition  familiar  to  all  surgeons  doing  kidney  work 
and  while  a  fatal  result  due  to  this  cause  is  a  rarity,  owing  to  the 
present  high  standards  of  operative  technique  and  post-opera- 
tive treatment,  yet  a  certain  number  of  these  cases  do  occur  and 
we  believe  that  a  certain  proportion  of  them  can  be  explained  as 
a  result  of  accidental  damage  to  the  pancreas  unrecognized  at 
the  time  of  operation. 

From  a  consideration  of  the  anatomical  relations  of  the  pan- 
creas with  the  kidneys  it  would  first  appear  that  the  former  or- 
gan would  be  more  hable  to  accidental  damage  during  operative 
procedures  on  the  left  kidney  since  the  tail  of  the  pancreas  is  in 
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direct  contact  with  that  kidney.  Piersol  (1)  states  that  the  head 
of  the  pancreas  Hes  between  the  first  and  third  parts  of  the  duo- 
denum close  against  the  second  part.  ''It  rests  behind  on  the 
inferior  vena  cava,  sometimes  on  the  right  renal  vein  and  may 
approach  the  right  suprarenal  body."  The  posterior  surface  of 
the  tail  lies  on  the  vena  cava,  aorta,  the  left  pillar  of  the  dia- 
phragm, the  left  suprarenal  capsule  and  the  left  kidney.  These 
relations  are  well  shown  in  figure  3. 

Piersol  further  states  that ''the  pancreas  ....  is  en- 
tirely retroperitoneal.  The  posterior  surface,  with  the  possible 
exception  of  the  end  of  the  tail,  which  may  be  surrounded  by 
peritoneum,  is  attached  to  the  parts  behind  it  by  connective 
tissue."  Although  the  tail  of  the  pancreas  is  in  direct  contact 
with  the  left  kidney  it  is  less  liable  to  accidental  injury  on  ac- 
count of  its  mobility  and  lack  of  firm  attachment  and  is  easily 
pushed  aside  during  an  operative  procedure.  The  head  of  the 
pancreas,  however,  is  firmly  attached  to  the  flexure  of  the  duo- 
denum and  to  the  structures  which  lie  behind  it  so  that  it  is  rela- 
tively immobile  and  might  be  exposed  to  injury  when  the  duo- 
denum is  retracted  upward  towards  the  median  line  in  exposing 
the  right  kidney. 

It  can  also  readily  be  understood  how  an  injury  to  the  head  of 
the  gland  would  be  a  far  more  serious  affair  than  a  similar  injury 
to  the  tail.  The  former  is  larger  and  relatively  more  vascular 
and  the  extravasation  of  pancreatic  secretion  about  the  impor- 
tant structures  with  which  the  head  is  in  relation  would  cer- 
tainly provoke  more  serious  consequences  than  a  similar  occur- 
rence in  the  tail  which  is  more  or  less  remote  from  the  larger  ves- 
sels and  sympathetic  ganglia.  By  a  study  of  figure  3,  in  which 
the  relations  of  the  pancreas  with  the  kidneys  are  shown  in  cross 
section,  the  possibility  of  injury  to  the  pancreas  during  attempts 
to  control  a  hemorrhage  arising  in  the  region  of  the  vena  cava 
will  be  easily  understood.  The  relative  immobility  of  the  head 
of  the  pancreas  in  comparison  with  the  tail  is  also  here  shown, 
and  can  be  understood  better  when  one  remembers  that  the  flex- 
ure of  the  duodenum  is  retroperitoneal  and  more  or  less  fixed. 

A  few  cases  have  been  observed  in  this  clinic  in  which  extreme 
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abdominal  distension  followed  kidney  operations.  In  one  of 
them  it  was  found  necessary  to  perform  an  enterostomy  for  the 
reUef  of  the  obstruction,  following  which  the  patient  made  an 
uninterrupted  recovery.  The  remaining  cases  of  uncomplicated 
distension  yielded  rapidly  to  the  usual  simple  methods.  The 
two  cases  in  which  the  pancreas  had  suffered  injur}'  are  given  in 
detail  on  account  of  their  rarity  and  interest. 

Case  1.  Renal  calculus.  Right  nephrotomy.  Bleeding  from  aberrani  ves- 
sel, stopped  by  blind  dumping  and  pressure.  Post-operative  intestinal 
obstruction.  Enterostomy.  Death.  Autopsy:  Pancreatitis,  fat  necro- 
sis. 

J.  F.  W.,  aged  42  years.  Admitted  to  the  urological  service  October 
30,  1913,  complaining  of  frequency,  urgency  and  burning  on  urination. 
The  famil}'  history  and  past  history  are  unimportant. 
The  present  illness  began  about  two  years  previously  with  an  attack 
of  slight  hesitation  and  difficultj^of  urination,  later  followed  by  fre- 
quenc\'  and  urgency  and  slight  incontinence  accompanied  by  burning. 
This  attack  passed  off  in  a  few  days  but  similar  attacks  recurred  at  in- 
tervals until  the  patient  was  forced  to  seek  medical  advice  for  their 
rehef .  At  no  time  has  he  noticed  blood  in  the  urine  and  has  never  suf- 
fered from  pain  in  the  back  or  radiating  pains  suggesting  renal  colic. 

The  physical  examination  revealed  a  strongly-built,  rather  obese 
man.  No  abnormalities  were  discovered,  the  kidneys  were  not  palpable 
and  there  was  no  tenderness  in  the  kidney  region. 

The  urine  was  cloudy,  containing  a  hea\y  precipitate  of  albumin, 
pus  cells  and  bacilli,  but  no  red  blood  cells.  An  X-ray  examination 
showed  some  indefinite  shadows  in  the  region  of  the  right  kidney.  A 
cystoscopic  examination  showed  no  enlargement  of  the  prostatic  lobes. 
The  bladder  mucosa,  aside  from  slight  trabeculation,  was  essentially 
normal.  The  right  iu"eteral  orifice  was  more  prominent  than  the  left 
but  otherwise  normal  in  appearance.  Both  ureters  were  easily  cathe- 
terized,  the  urine  from  the  right  kidney  containing  numerous  pus  cells 
and  baciUi  and  excreting  15  per  cent  phenolsulphonephthalein  in  one- 
half  hour.  The  urine  from  the  left  kidney  was  normal  and  excreted 
25  per  cent  phenolsulphonephthalein  in  one-half  hour. 

A  pyelogram  of  the  right  kidney  showed  a  mild  grade  of  hydronephro- 
sis with  blunted  calyces  and  dilated  ureter. 

On  account  of  the  relatively  shght  diminution  of  the  function  of  the 
right  kidney  it  was  decided  best  to  remove  the  stones  by  a  pyelotomy 
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or  nephrotomy  and  on  October  31,  under  gas  and  ether  anesthesia,  the 
kidney  was  exposed  by  Dr.  Young,  a  large  incision  being  necessary.  The 
kidney  was  found  quite  adherent  at  the  upper  pole  and  during  the  divi- 
sion of  these  adhesions  a  clamp  slipped  and  immediately  an  active  hem- 
orrhage occurred  which  was  recognized  as  arterial.  The  vessel  retracted 
into  the  depths  of  the  wound  but  the  hemorrhage  was  soon  controlled 
by  clamps  which  had  to  be  applied  rapidly  in  the  deepest  part  of  the 
wound  and  by  firm  pressure  by  means  of  packs.  The  operation  then 
proceeded  uneventfully,  one  stone  being  removed  through  a  small  in- 
cision in  the  pelvis  and  three  others  from  the  lower  calyx  through  a 
nephrotomy  incision  done  in  the  usual  way  with  a  silver  wire,  bleeding 
being  controlled  by  a  rubber  tube  around  the  vessels.  There  was  no 
further  hemorrhage  and  the  wound  was  closed  in  the  usual  way  with 
drainage.  The  patient  left  the  table  in  excellent  condition  and  was 
apparently  little  if  at  all  shocked  by  the  active  hemorrhage  during  the 
first  part  of  the  operation. 

The  post-operative  course  was  normal  for  the  first  twenty-four 
hours,  when  the  patient  became  more  restless  with  faster  pulse.  Soon 
after,  considerable  abdominal  distension  was  noticed  with  partial  anuria 
and  the  patient  became  restless  and  toxic  in  appearance.  Ths  disten- 
sion increased  rapidly  and  all  efforts  to  move  the  bowels  were  ineffectual. 
The  patient  started  to  vomit  forty-eight  hours  after  operation;  and 
twelve  hours  later,  the  symptoms  having  progressed  rapidly,  the  abdo- 
men was  opened  through  a  right  rectus  incision.  Extreme  distension 
of  both  small  and  large  intestine  was  noted  but  no  obstruction  was 
found  and  no  fat  necroses  seen.  A  rapid  enterostomy  was  done,  a 
large  amount  of  gas  escaped  and  there  was  fair  relief  of  the  distension. 
This  relief,  however,  was  only  temporary  as  the  extreme  distension  rap- 
idly reappeared,  soon  followed  by  fecal  vomiting,  and  the  patient's  con- 
dition became  gradually  worse  until  he  died  four  days  after  the  first 
operation. 

Necropsy.  Anatomical  diagnosis:  Right  nephrotomy  operation;  in- 
testinal obstruction;  acute  pancreatitis;  diffuse  fat  necrosis;  portal 
thrombo-phlebitis;  pseudo  infarct  in  liver;  thrombosis  of  branch  of  right 
renal  artery;  necrosis  of  the  upper  pole  of  right  kidney  and  healing 
surgical  wound;  congestion  and  broncho-pneumonia  of  lung;  disten- 
sion of  intestine;  wound  of  recent  colostomy  operation;  focal  necroses 
of  liver, 

"When  the  peritoneal  cavity  is  opened  the  small  bowel  protrudes  from 
the  opening  and  is  greatly  distended  with  gas  and  fluid.     The  disten- 
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sion  is  uniform  throughout  the  intestinal  tract.  There  is  a  slight  ex- 
cess of  fluid  in  the  peritoneal  cavity  and  a  few  fibrinous  clots  are  found 
in  the  pelvis.  There  is  a  localized  fresh  inflammation  around  the  re- 
cent surgical  wound.  The  colon  is  drawn  up  to  the  abdominal  wall 
and  fixed,  forming  a  colostomy.  Near  the  site  of  the  wound  and  the 
lower  portion  of  the  ileum  a  loop  of  bowel  is  bound  together  by  fresh, 
fibrinous  adhesions  due  apparently  to  trauma  at  operation.  The  peri- 
toneal surfaces  are  smooth  and  shiny  elsewhere.  Beneath  the  peri- 
toneum on  the  right  side  extending  down  into  the  pelvis  and  up  the  left 
side  of  the  pelvis  is  a  deep  blue  extravasation  of  blood.  At  the  base  of 
the  mesentery  leading  up  to  the  first  portion  of  the  colon  are  found 
numerous  yellow  opaque  dots  measuring  about  3  or  5  mm.  in  diameter, 
which  are  just  beneath  the  peritoneum  and  are  occasionally  surrounded 
by  injected  blood  vessels.  These  opaque  dots,  which  are  apparently 
fat  necroses,  are  more  niunerous  as  the  region  of  the  pancreas  is 
approached.  Also  in  proportion  to  their  frequency  are  seen  the 
extravasations  of  blood  conforming  to  the  region  of  the  recent  nephrot- 
omy operation.  The  head  of  the  pancreas  lying  in  the  curve  of  the 
duodenum  is  superficially  necrosed.  The  connective  tissue  and  fat 
lying  over  the  pancreatic  tissue  is  of  a  dirty  greenish  color  and  has  un- 
dergone softening.  There  are  numerous  fat  necroses  surrounding  the 
head  of  the  pancreas  and  scattered  through  the  base  of  the  mesentery. 
Some  of  these  have  undergone  softening. 

"The  lower  pole  of  the  right  kidney,  upon  which  the  nephrotomy 
had  been  performed,  hes  just  adjacent  to  the  head  of  the  pancreas  in 
this  area  and  the  trauma  resulting  from  operative  maneuvers  at  this 
point  seems  to  have  been  responsible  for  the  stretching,  bruising  and 
injury  to  the  tissues.  Through  the  substance  of  the  pancreas  there  are 
numerous  focal  necroses  but  no  hemorrhages.  The  pancreatic  tissue  is 
rather  firm.  At  the  base  of  the  mesentery  is  the  seat  of  the  most  wide- 
spread and  destructive  fat  necrosis,  and  on  the  right  side  in  the  fat  of 
the  ascending  colon. 

"The  fiver  shows  numerous  minute  focal  necroses,  a  pseudo  infarct 
of  the  right  lobe  and  the  portion  of  the  portal  vein,  just  opposite  the 
pancreas,  is  the  seat  of  a  thrombo-phlebitis. 

"The  left  kidney  is  normal  in  appearance. 

"The  right  kidney  is  surrounded  by  considerable  extravasated  blood 
and  fibrinous  exudate.  The  tissues  beneath  the  peritoneum  surround- 
ing the  kidney  and  descending  to  the  pelvis  contains  considerable  ex- 
travasated blood.     The  entire  surface  of  the  kidney  is  covered  by  fi- 
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brinous  adhesions.  The  incisions  into  the  kidney  substance  are  begin- 
ning to  heal.  There  is  a  sHght  amount  of  pus  about  the  sutures  and 
considerable  granulation  tissue  over  the  lower  pole,  which  is  very  friable 
and  hemorrhagic.  The  upper  pole  is  very  soft,  flabby  and  necrotic  in 
a  zone  immediately  around  the  pole.  This  soft  dead  tissue  is  separated 
from  the  normal  kidney  substance  by  a  light  zone  somewhat  elevated 
from  the  surrounding  tissue.  On  dissecting  out  the  renal  vessels  on 
this  side  the  main  stem  comes  off  normally  from  the  aorta.  At  a  point 
about  1  cm.  from  its  origin,  it  sends  off  a  large  branch  which  in  turn 
sends  off  a  branch  to  the  adrenal  and  which  is  thrombosed  from  a  point 
just  above  the  origin  of  its  adrenal  branch.  Although  this  vessel  can- 
not be  traced  in  the  kidney  substance  it  seems  to  be  quite  evidently  a 
vessel  supplying  the  upper  pole  of  the  kidney,  the  thrombosis  of  which 
has  caused  the  necrosis.  There  is  a  great  deal  of  inflammation  through- 
out the  kidney,  the  result  of  the  operation,  but  the  majority  of  the 
kidney  substance  is  otherwise  normal.  The  pelvis  of  the  kidney  is 
shghtly  dilated  and  inflamed.  Its  mucous  membrane  is  hemorrhagic, 
and  extending  down  into  the  lower  pole  it  is  very  granular,  thickened 
and  injected. 

"The  bladder  is  normal.  The  prostate  contains  numerous  pinhead 
sized  calculi  but  is  otherwise  normal.  The  seminal  vesicles  and  teste 
are  normal. 

"The  intestines  are  greatly  dilated,  the  mucous  membrane  pale  and 
slightly  oedematous  with  a  few  petechial  hemorrhages. 

"The  aorta  is  elastic  and  has  a  smooth  internal  surface. 

"The  heart  is  normal  and  the  myocardium  shows  no  changes  on 
section. 

"The  lungs  show  a  marked  bronchitis  with  areas  of  bronchopneu- 
monia and  a  few  small  healed  tubercles.     The  spleen  is  normal." 

Microscopic  notes.  "The  sections  from  the  right  kidney  show  an  in- 
fected infarct  with  beginning  organization.  Much  hemorrhage  is  seen 
in  other  areas. 

"  Sections  from  the  pancreas  show  a  few  necrotic  cells  about  the  mar- 
gin with  extensive  peripancreatic  fat  necrosis." 

Comment.  The  active  hemorrhage  which  occurred  during  the  expo- 
sure of  the  kidney  was  almost  certainly  due  to  the  aberrant  artery  which 
was  demonstrated  at  autopsy  and  which  supplied  the  necrosed  portion 
of  the  upper  pole  of  the  right  kidney.  Attempts  to  control  this  branch 
after  it  had  retracted  into  the  depths  of  the  wound  resulted  in  injury  of 
the  head  of  the  pancreas  either  by  forcible  packing  or  what  is  more  prob- 
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able,  the  application  of  clamps  to  the  pancreatic  tissue  itself,  resulting 
inevitably  in  necrosis  and  extravasation  of  pancreatic  secretion. 

Case  2.  Right  renal  calculus.  Operation;  kidney  very  adherent  at  upper 
pole;  pyelotomy.  Post-operative  intestinal  obstruction,  requiring  enter- 
ostomy. Development  of  glycosuria.  I^:  Pancreatine.  S'.ow  convor- 
lescence  and  cure. 

F.  W.,  aged  42  j'ears.     Admitted  to  the  service  of  Dr.  J.  T.  Geraghty, 
October  28,  1912,  complaining  of  cloudy  urine  and  frequent  urination. 
The  family  history  is  unimportant. 

The  past  history  is  unimportant  except  for  a  Hght  attack  of  typhoid 
fever  at  the  age  of  35  and  a  "ner\^ous  breakdown"  five  years  later  which 
yielded  rapidly  to  rest  treatment. 

The  present  illness  began  four  years  ago  with  frequence  of  urination 
and  some  burning.  Soon  after  the  patient  noticed  that  the  urine  was 
cloudy  and  it  has  never  cleared  up  since  this  time.  There  was  also  a 
dull,  aching  pain  across  the  right  side  of  the  back  which  was  made 
worse  on  exertion.  He  has  had  at  no  time  radiating  pains  or  sjmiptoms 
of  kidney  coUc  and  has  never  noticed  any  blood  in  his  urine. 

The  phj'sical  examination  revealed  no  abnormahties  except  shght 
tenderness  in  the  right  costovertebral  angle  on  deep  pressure.  The  urine 
contained  a  trace  of  albumin  and  large  number  of  pus  cells  with  a  few 
red  blood  cells. 

An  X-ray  examination  revealed  a  definite  shadow  in  the  region  of  the 
kidney.     The  ureters  were  not  catheterized. 

On  October  29,  under  ether  anesthesia,  the  right  kidney  was  exposed 
by  Dr.  Geraghty  and  deHvered  into  the  woimd  after  considerable  dif- 
ficulty due  to  firm  adhesions  at  the  upper  pole.  These  were  divided 
between  clamps  and  no  imusual  hemorrhage  was  encountered.  The 
stone  was  removed  through  a  small  incision  in  the  pelvis  and  the  wound 
closed  in  the  usual  manner  with  drainage.  The  patient  left  the  table 
in  good  condition  and  suffered  no  shock  from  the  operation. 

On  the  following  day  the  abdomen  became  markedly  distended  and 
the  usual  measures  to  move  the  bowels  were  ineffectual.  The  pulse 
became  rapid  and  poor  in  quahty.  With  the  gradually  increasing  dis- 
tension, the  patient's  condition  became  progressively  worse  with  per- 
sistent nausea  and  vomiting  which  could  not  be  controlled  by  gastric 
lavage. 

On  October  31  the  abdomen  was  opened  and  enormous  distension  of 
the  whole  intestinal  tract  foimd  without  any  apparent  cause.     No  fat 
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necroses  were  noticed.  An  enterostomy  was  done  rapidly  and  it  was 
thought  that  the  distended  loop  chosen  was  rather  high  in  the  intesti- 
nal tract. 

The  patient's  condition  remained  critical  for  several  days  but  with  the 
gradual  relief  of  the  distension  there  was  slow  improvement.  The  enter- 
ostomy tube  was  removed  four  days  after  the  operation  and  liquid  diet 
was  instituted .  Although  there  was  little  discharge  from  the  enterostomy 
and  the  patient  was  taking  nourishment  fairly  well  with  more  or  less 
regular  bowel  movements,  his  condition  slowly  became  worse  with  sub- 
normal temperature,  rapid  weak  pulse  and  the  general  picture  of  inani- 
tion in  spite  of  all  supporting  treatment.  The  stools  contained  large 
amounts  of  fat  droplets  and  undigested  muscle  fibres.  A  bed  sore  had 
also  developed  and  was  slowly  increasing.  On  December  3  sugar  was 
present  in  the  urine  but  tests  for  acetone  and  diacetic  acid  were  nega- 
tive. On  December  8,  pancreatin,  gr.  xv  and  calcium  lactate  gr.  xv, 
three  times  a  day,  were  started  and  the  patient  given  a  modified  soft 
diet.  There  was  a  rapid  and  surprising  improvement  in  the  general 
condition  and  the  sugar  disappeared  from  the  urine  on  December  13 
and  was  never  present  at  subsequent  examinations,  and  the  fat  and 
muscle  fibres  disappeared  from  the  stools.  During  this  time  the 
enterostomy  wound  was  still  open  and  discharging  small  amounts  of 
intestinal  contents.  The  patient  now  began  to  gain  strength  rapidly 
and  the  enterostomy  was  closed  on  January  7.  The  kidney  incision 
had  already  healed  except  for  a  small  sinus,  and  the  bed  sore  was 
granulating  nicely. 

The  patient  was  discharged  on  February  24,  still  taking  pancreatin. 
Several  weeks  later  this  was  discontinued  and  he  progressively  regained 
his  strength. 

Comment.  No  lesion  of  the  pancreas  was  demonstrated  when  the 
abdomen  was  opened  in  this  case  and  it  is  difficult  to  conceive  of  an 
injury  sufficiently  extensive  to  interfere  with  the  secretion  of  the  gland 
without  causing  the  death  of  the  patient  from  pancreatitis  and  its  se- 
quelae. The  inanition  was  almost  certainly  not  due  to  the  simple 
starvation  caused  by  a  high  enterostomy,  since  the  latter  was  discharg- 
ing only  small  amounts  of  intestinal  contents  and  the  patient  began 
to  have  normal  bowel  movements  as  soon  as  the  extreme  distension 
had  been  relieved.  The  remarkable  improvement  following  immedi- 
ately on  the  administration  of  pancreatin  and  the  coincident  rapid  dis- 
appearance of  sugar  from  the  urine  were  most  suggestive  of  definite  in- 
terference with  the  normal  functioning  of  the  pancreas  and  with  the 
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clinical  picture  of  the  rapid  onset  of  extreme  distension  without  other 
demonstrable  cause,  lead  to  the  assumption  that  the  pancreas  had  re- 
ceived some  injury,  most  probably  while  the  kidney  was  being  freed 
during  the  earUer  stages  of  the  operation.  The  extent  and  nature  of 
the  lesion  remain  obscure  but  it  is  certain  that  there  was  no  extensive 
extravasation  of  secretion  into  the  tissue  about  the  pancreas,  as  experi- 
ence has  shown  that  such  an  accident,  from  whatever  cause,  is  almost 
invariably  and  rapidly  fatal. 

The  following  case  is  another  example  of  the  severe  distension 
leading  to  intestinal  obstruction  which  is  not  infrequently  seen 
after  right  sided  renal  operation.  However,  in  this  case  there 
was  no  demonstrable  injury  to  the  pancreas  either  at  the  time  of 
the  enterostomy  operation  or  in  the  subsequent  post-op>erative 
course. 

Case  3.    Nephrectomy  for  large  hypernephroma.     Difficult  operation  on 

account  of  hemorrhage.     Post-operative  nausea,  vomiting  and  distension. 

Intestinal  obstruction  requiring  enterostomy  on  fifth  day.     Recovery. 

A.  E.  A.,  aged  66  years.  Male,  admitted  December  15,  1912,  com- 
plaining of  hematuria  of  seven  months'  duration.  Two  months  ago 
was  subjected  to  prostatectomy  (elsewhere).     Hematuria  continued. 

Examination  showed  large  tumor  of  right  kidney. 

Operation.  Young,  December  16,  1912.  Right  nephrectomy,  ex- 
traperitoneal. Very  difficult  on  account  of  vascularity  and  deep  hemor- 
rhage. Very  forcible  traction  toward  median  line  necessary  in  exposure 
of  kidney  pedicle.  Vessels  Hgated.  Wound  drained  and  closed  par- 
tially. 

On  day  following  operation  patient  had  nausea  and  distension  which 
increased  steadUy  despite  all  measm-es  undertaken.  On  fifth  day  (De- 
cember 21)  intestinal  obstruction  was  so  marked  that  laparotomy  was 
performed  through  right  rectus.  In  the  right  flank  a  large,  tightly 
distended  loop  of  intestine  was  palpated,  and  as  it  was  impossible  to 
bring  this  over  toward  the  wound  a  second  (gridiron)  incision  was  made, 
just  above  McBurney's  point  over  the  distended  loop  which  was  su- 
tured to  the  opening.  The  intestine  was  then  opened,  one  quart  of 
brownish  fecal  fluid  evacuated  through  tube.  Impossible  to  say  whether 
distended  gut  was  large  or  small  intestine. 

Convalescence.  Considerable  shock,  nausea  and  vomiting.  Bowel 
irrigated  q.  4  h.     Slow  recovery.     Stool  on  fourth  day. 
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December  SI.  Closure  of  enterostomy  under  cocaine.  Gradual  con- 
valescence.    Closure  of  all  wounds. 

February  14,  1913.     Discharged  in  good  condition. 

Comment.  The  occurrences  in  this  case  were  similar  to  but  not  so 
grave  as  those  in  Case  1.  It  seems  probable  that  in  isolating  the 
pedicle,  freeing  the  tumor,  clamping  bleeding  vessels  and  forcible  trac- 
tion against  the  peritoneal  contents,  traumatism  was  probably  done  to 
both  the  pancreas  and  adjacent  intestine,  and  that  intestinal  disten- 
sion, obstruction,  etc.,  were  thus  produced.  Care  in  hemostasis,  avoid- 
ance of  blind  clamping,  and  to  forceful  deep  retraction,  are  precautions 
which  should  evidently  be  taken. 

Mayo  (2)  has  observed  three  cases  of  injury  to  the  duodenum 
as  a  result  of  operations  on  the  right  kidney,  all  of  which  were 
eventually  fatal.  He  states  that  the  duodenum  can  be  injured 
only  if  there  is  considerable  infiltration  about  the  pedicle  and 
emphasizes  the  fact  that  the  flexure  of  the  duodenum  is  retro- 
peritoneal and  more  or  less  fixed.  In  previous  communications 
the  same  author  (3)  (4)  has  emphasized  the  importance  of  a 
good  exposure  of  the  kidney  to  avoid  accidents  during  the  course 
of  the  operation  and  especially  recommends  mobifization  of  the 
twelfth  rib  by  division  of  the  costo-vertebral  ligaments. 

Severe  hemorrhage  during  the  course  of  an  operative  proce- 
dure upon  the  kidney  usually  occurs  during  the  separation  of  ad- 
hesions about  the  upper  pole,  when  an  aberrant  vessel  is  liable 
to  be  injured,  or  may  take  place  from  a  shortened,  infiltrated 
pedicle.  In  the  management  of  such  a  pedicle  Gerster  (5)  ad- 
vises that  the  veins  be  clamped  and  ligated  first  and  states  that 
if  the  artery  is  tied  before  the  veins,  the  latter  may  tear  off  when 
the  pedicle  is  unduly  infiltrated  and  retract  into  the  deeper  por- 
tion of  the  wound.  In  seeking  to  combat  such  a  hemorrhage  it 
can  easily  be  understood  how  serious  injury  might  be  done  to 
the  duodenum  or  pancreas  by  the  application  of  clamps  or  by  too 
vigorous  packing. 

In  freeing  the  upper  pole  in  order  to  deliver  the  kidney  into 
the  wound  great  pains  must  be  taken  to  avoid  tearing  any  ad- 
hesions and  any  which  are  present  should  be  carefully  divided 
between  clamps  and  immediately  tied  to  avoid  the  danger  of 
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the  clamp  pulling  off  or  cutting  through  the  adhesion  during  the 
remainder  of  the  operation.  This  precaution  is  especially  impor- 
tant on  account  of  the  frequency  of  anomalous  distribution  of  the 
renal  blood  supply.  Gray  (6)  states  that  ''frequently  there  is 
a  second  renal  artery  which  is  given  off  from  the  aorta  above  or 
before  the  renal  artery  proper,  the  former  being  the  more  com- 
mon position.  Instead  of  entering  the  kidney  at  the  hilum  the 
accessory  renal  artery  often  pierces  the  upper  or  lower  pole  of 
the  gland."  Rupert,  (7)  in  a  study  of  the  vascularization  of 
the  kidney  in  a  series  of  cadavers,  found  anomalous  distribution 
in  70  per  cent.  Aberrant  vessels  to  the  upper  pole  were  found  to 
be  of  a  more  frequent  occurrence  than  similar  vessels  to  the 
lower  pole.  Borland  (8)  concluded  that  irregularities  in  the 
blood  supply,  which  he  observed  in  various  types  of  renal  anoma- 
Ues,  could  be  explained  by  the  incomplete  ascent  of  the  kidney, 
which  condition  is  usually  present  in  such  cases.  Papin  and 
Iglesias  (9)  state  that  aberrant  vessels  occur  in  almost  all  cases 
of  renal  anomaUes  and  in  general  found  greater  irregularity  in 
the  distribution  of  the  arteries  than  in  that  of  the  veins. 

The  embryology  of  the  renal  blood  supply  has  been  studied  by 
Pohlmann  (10),  Hill  (11),  Castellani  (12),  and  others.  These 
observers  found  that  the  kidney  does  not  receive  its  blood  supn 
ply  until  it  has  finally  reached  the  situation  in  the  body  which  it 
should  occupy  in  the  adult,  and  any  factors  tending  to  interfere 
with  the  normal  ascent  of  the  gland  will  predispose  to  anomalous 
vascularity. 

The  early  recognition  of  injury  to  the  pancreas  following  an 
operation  upon  the  kidney  is  extremely  difficult  or  quite  impos- 
sible and  unless  the  probabihty  of  such  an  occurrence  had  been 
noted  during  the  course  of  the  operation,  the  condition  would 
probably  only  be  recognized  at  a  later  operation  or  at  autopsy. 
The  progressive  and  extreme  distension  with  its  attendant  per- 
sistent vomiting  and  abdominal  pain  and  the  rapid  prostration 
of  the  patient  are  signs  of  a  serious  intra-abdominal  catastrophe, 
and  in  the  three  cases  observed  the  evident  intestinal  obstruc- 
tion made  a  laparotomy  and  enterostomy  imperative.  In  his 
studies  of  acute  pancreatitis,  Korte  (13),  (14)  advises  incision 
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and  drainage  of  the  involved  areas  of  the  gland  but  in  cases 
following  a  kidney  operation  the  condition  of  the  patient  is  usu- 
ally so  grave  as  to  forbid  any  other  procedure  than  a  rapid  en- 
terostomy for  the  relief  of  the  obstruction.  If,  however,  the 
patient's  condition  permits  an  exploration  of  the  region  of  the 
pancreas  such  examination  should  be  carried  out  and  any  ne- 
crotic portions  removed.  Drainage  should  be  instituted,  but  it 
is  felt  that  the  incision  of  non-necrotic  areas  is  still  a  mooted 
question. 

The  preparation  of  a  patient  before  a  kidney  operation  should 
be  most  careful  and  especial  attention  should  be  placed  on  the 
thorough  evacuation  of  the  intestines  in  order  to  avoid  the  so- 
called  paralytic  ileus  which  may  lead  to  extreme  distension  and 
render  enterostomy  necessary.  It  has  been  the  practice  in  this 
cUnic  to  administer  castor  oil  the  evening  before  the  operation 
is  to  be  performed  and  an  enema  is  given  before  the  patient  is 
taken  to  the  operating  room.  A  routine  hypodermic  injection 
of  morphine  gr.  I  and  eserin  gr.  -5\  is  then  given,  as  we  beUeve 
that  by  the  action  of  the  latter  drug  troublesome  post-operative 
distension  is  less  liable  to  occur. 

CONCLUSIONS 

1.  Injury  to  the  pancreas  during  operations  on  the  right  kid- 
ney may  occur  and  it  seems  probable  that  some  cases  of  extreme 
abdominal  distension  following  such  operations  are  due  to  un- 
recognized injury  to  the  pancreas  resulting  in  acute  pancreatitis. 

2.  Such  injuries  can  be  best  avoided  by  an  adequate  incision 
for  the  exposure  of  the  kidney  and  careful  ligation  of  all  struc- 
tures divided  in  freeing  the  upper  pole ;  and  the  probability  of  the 
presence  of  anomalous  vessels  must  be  kept  in  mind  and  care 
taken  to  ligate  them  securely. 

3.  Injury  to  the  pancreas  should  be  suspected  following  opera- 
tion on  the  right  kidney  in  the  presence  of  extreme  abdominal 
distension  and  rapid  prostration. 

4.  Rapid  enterostomy  offers  a  chance  of  preserving  Ufe  by  re- 
lief of  the  intestinal  obstruction  but  if  the  injury  is  extensive 
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enough  to  cause  widespread  extravasation  of  pancreatic  secre- 
tion the  condition  is  hopeless. 

5.  Traumatism  to  intestine  by  retractors,  clamps  or  gauze 
packs  may  also  cause  intestinal  distension  or  even  obstruction, 

6.  Care  in  hemostasis  and  good  exposure  without  violent  re- 
traction and  traumatism  is  of  prime  importance  in  renal  surgery. 
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PLATE  1 

Fig.  1.  Abdominal  Viscera  from  Behind,  Kidneys  Removed,  Showing  Areas 
OF  Contact  with  Other  Organs 

From  Kelly  and  Burnam 
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PLATE    1 
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PLATE  2 

Fig.  2.  Drawing  of  operation  (Case  1)  at  which  an  aberrant  artery  to  the 
upper  pole  of  the  kidney  was  found.  The  clamps  and  packing  shown  were  intro- 
duced to  stop  the  heniorrhage. 
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PLATE  2 
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PLATE  3 

Fig.  3.  Cross-section  of  cadaver  at  level  of  first  lumbar  vertebra.  The  near- 
ness of  the  right  kidney  to  the  pancreas  and  duodenum  is  shown.  The  peri- 
toneum extends  around  the  duodenum  about  as  far  as  the  point  of  the  gall 
bladder  as  drawn.  The  fixation  of  the  head  of  the  pancreas  and  its  proximity  to 
the  large  vessels  and  kidney  are  evident.  The  tail  although  in  contact  with 
the  left  kidney  is  more  mobile. 
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PLATE  3 
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PLATE  4 

Fig.  4.  Schematic  representation  of  the  manner  in  which  clamps  and  packing 
introduced  through  the  kidney  incision  in  an  effort  to  arrest  sudden  hemorrhage 
reached  the  pancreas.  One  sees  the  close  relationship  between  the  head  of  the 
pancreas  and  the  duodenum  which  is  retroperitoneal  and  firmly  fixed.  The 
aberrant  artery  to  the  upper  pole  of  the  kidney,  the  cause  of  the  hemorrhage, 
is  shown.  A  represents  the  patient's  body  as  it  rests  on  the  kidney  pad  at  opera- 
tion, and  serves  to  orient  the  larger  picture.  The  line  represents  the  level  at 
which  the  section  is  drawn. 
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PLATE  4 
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ON  THE  COMPARATIVE  INFLUENCE  OF  MORPHIN 

AND  TOTAL  OPIUM  ALKALOIDS  ON 

RENAL  COLIC 

DAVID  I.  MACHT 

From  the  Pharmacological  Laboratory,  Johns  Ho-pkins  University,  and  the  James 
Buchanan  Brady  Urological  InstitxUe,  Baltimore 

The  pains  of  renal  colic  are  among  the  most  excruticating  met 
with  in  medical  practice.  We  are  all  famiUar  with  the  graphic 
description  by  Montaigne,  who  was  a  sufferer  for  many  years, 
which  is  quoted  by  Osier: 

Thou  art  seen  to  sweat  with  pain,  to  look  pale  and  red,  to  tremble, 
to  vomit  well-nigh  to  blood,  to  suffer  strange  contortions  and  convul- 
sions, by  starts  to  let  tears  drop  from  thine  eyes,  to  urine  thick,  black, 
and  frightful  water,  or  to  have  it  suppressed  by  some  sharp  and  craggy 
stone,  that  cruelly  pricks  and  tears  thee.     (1). 

For  the  relief  of  this  horrible  suffering  injections  of  morphin 
are  generally  recommended.  Unfortunately  it  is  the  experience 
of  most  cHnicians  that  in  this  condition  ordinary  small  doses 
of  that  drug  are  but  of  little  use,  and  they  must  either  be  re- 
peated or  larger  doses  administered.  Even  large  doses  of  mor- 
phine are  sometimes  of  httle  avail  and  chloroform  inhalations 
have  to  be  resorted  to. 

In  connection  with  a  study  of  the  pharmacology  of  the  ureters 
or  the  action  of  various  drugs  on  those  organs,  the  results  of 
which  have  in  part  already  been  pubUshed  (2  and  3),  the  author 
has  been  investigating  the  behavior  of  the  opium  alkaloids  in- 
dividually and  in  combination  with  each  other  (4).  The  con- 
clusions drawn  from  these  experiments  are  of  such  practi  al 
interest,  that  it  is  deemed  worth  while  publishing  a  note  on  the 
subject  in  this  place. 
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METHOD 

A  simple  and  convenient  method  of  studying  the  action  of 
drugs  on  the  ureters  has  been  described  in  detail  by  the  author 
elsewhere  (2  and  3) .  Briefly,  it  consists  in  the  use  of  rings  of  the 
ureters  of  pigs,  and  other  animals.  When  a  ring  of  the  ureter 
of  a  pig  or  other  animal  is  suspended  in  a  proper  medium  (urea- 
Locke  solution),  under  suitable  conditions  of  temperature, 
oxygenation,  etc.,  it  begins  to  undergo  spontaneous  contractions, 
and  will  inscribe  on  a  kymograph  a  curve  not  unlike  that  made 
by  a  preparation  of  the  heart  of  a  frog.  In  this  way,  by  the 
introduction  of  drugs  into  the  surrounding  fluid,  their  effect 
on  both  the  contractions  or  peristaltic  movements  and  the 
tonus  of  the  ureter  may  be  observed.  Having  determined  the 
action  of  a  given  drug  on  the  ureter  in  this  way,  observations 
are  made  on  the  intact  ureter  in  a  laparotomized  animal,  to 
ascertain  whether  the  same  effect  is  produced  in  the  intact  animal 
as  in  vitro.  Finally,  whenever  possible,  experiments  with  rings 
of  a  human  ureter  from  a  case  of  nephrectomy  may  be  made  to 
establish  the  findings  in  lower  animals,  as  holding  good  in  man. 

ACTION    OF   OPIUM   ALKALOIDS 

In  respect  to  their  chemical  structure,  the  principal  opium 
alkaloids  may  be  divided  into  two  groups.  On  the  one  hand  we 
have  the  pyridin-phenanthrene  group,  characterized  by  the 
following  grouping,  and  of  which  morphin  and  codein  (methyl- 
morphin)  are  the  principal  members.  On  the  other  hand,  we 
have  the  benzyl  isoquinoline  group,  characterized  by  the  other 
diagram,  and  of  which  the  principal  members  are  narcotin  and 
papaverin. 
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In  respect  to  their  pharmacological  action  the  opium  alkaloids 
can  also  be  divided  into  the  same  two  classes,  the  morphin 
and  papaverin  groups. 


Fig.  3.  Ring  of  Pig's  Ureter 

Twenty-four    hours    old.     Quiescent.     10  mgm.    of    morphin    start    powerful 
contractions. 


Fig.  4.  Pig's  Ureter 
Showing  effect  of  papaverin  hydrochloride,  5  mgm.  in  50  cc.  Locke  solution. 

The  effect  of  morphin  on  the  ureteral  ring  is  to  increase  its 
tonicity  and  the  frequency  of  its  contractions.  This  is  pre- 
cisely  analogous  to  the  effect  of   morphin  on   the   intestinal 
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smooth  muscle  strips,  as  shown  by  Magnus  (5),  Pal  (6),  Popper 
(7),  and  others.  On  the  other  hand,  the  effect  of  papaverin 
on  the  ureteral  rings,  as  well  as  on  other  smooth  muscle  struc- 
tures is  to  relax  the  tonus  and  slow  or  stop  the  contractions  (8). 
These  effects  are  illustrated  "by  figures  3  and  4. 

The  effect  of  narcotin  is  very  much  the  same.  Both  papa- 
verin and  narcotin  produce  results  in  this  respect  similar  to  that 
given  by  chloroform  (fig.  5). 


Fig.  5.  Human  Ureter,  after  Nephrectomy 
Showing  effect  of  papaverin.     5  mgs. 


The  action  of  opium  or  of  a  combination  of  all  the  opium 
alkaloids,  such  as  for  instance  that  of  Sahli  (9),  is  a  resultant 
of  the  sum  of  its  component  effects.  Now,  it  was  found  that  a 
very  small  quantity  of  papaverin  is  sufficient  to  overcome  the 
stimulating  action  of  morphin  on  the  ureter,  and  it  was  there- 
fore not  at  all  surprising  to  find  that  Sahli's  combination  of 
total  opium  alkaloids  contained  enough  benzyl-isoquinoline 
derivatives  to  overbalance  the  local  morphin  effect,  and  pro- 
duce relaxation  of  the  ureteral  ring  and  cessation  of  its  con- 
tractions (fig.  6). 
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In  order  to  ascertain  whether  the  same  conditions  hold  good 
in  the  intact  animal,  obsen-ations  were  made  on  the  effect  of 
morphin,  and  Sahli's  combination  on  the  intact  ureters  in 
rabbits  with  the  same  results  as  will  be  seen  in  the  following 
protocols. 

Experiment.  June  20,  1916.  Male  rabbit,  1150  grams.  Anaesthe- 
tized with  paraldehyde,  placed  on  warm  table,  and  abdomen  opened. 
Ureters  were  inspected  at  frequent  intervals,  for  short  periods  at  a 
time  to  avoid  chilling. 

12.15  p.m.  Normal  contractions:  Right  ureter  contracts  one  time 
in  a  minute;  left,  two  times  in  a  minute.  Intestinal  peristalsis,  active. 
Bladder  full.     Respirations  60  per  minute. 


Fig.  6.  Ring  of  Pig's  Ureter 
Showing  effect  of  chloroform. 

12.30  p.m.     Injected  in  ear-vein  3  mgm.  of  morphin  sulphate. 

12.40  p.m.  Right  ureter  contracts  two  to  three  times  a  minute; 
left,  four  times  a  minute.  Intestinal  peristalsis  is  active,  if  anything 
it  is  increased.  Bladder  is  spasmodically  contracted  as  can  be  seen 
and  felt.     Respirations  are  48  per  minute. 

Experiment.  June  22,  1916.  Male  rabbit,  1300  grams.  Anaes- 
thetized with  paraldehyde  and  prepared  same  as  above. 

12.25  p.m.  Right  ureter  contracts  four  times  a  minute;  left  three 
times  a  minute. 

12.35  p.m.  Right  ureter  contracts  four  times  a  minute;  left,  three 
times  a  minute.  Respiration  72  per  minute.  Bladder  full.  Intes- 
tinal peristalsis  active. 
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12.J^0  p.m.  Injected  in  ear  Vein  4  mgm  of  Sahli's  combination  of 
total  opium  alkaloids  (=  morphin  2  mgms.) 

12.45  'p.m.  Right  ureter  contracts  three  times  a  minute;  left, 
two  times  a  minute.  Respirations  72  per  minute.  No  spasm  of  blad- 
der.    Intestinal  peristalsis  less  active. 

12.47  p.m.  Injected  6  mgm.  more  of  Sahli's  mixture  (=  morphin 
3  mgm.). 

12.60  p.m.  Right  ureter  contracts,  two  times  a  minute;  left,  one 
time  a  minute.  The  contractions  are  visibly  not  as  powerful  as  normal. 
Respirations  72  per  minute.  No  spasm  of  bladder.  Intestinal  peri- 
stalsis very  sluggish. 


Fig.  7.  Ring  of  Pig's  Ureter 

Showing  the  relaxing  effect  of  10  mgm.  of  Sahli's  combination  (=5  mgm. 
morphin). 

Finally,  experiments  with  the  same  drugs  and  rings  of  human 
ureter  from  a  case  of  nephrectomy  were  made,  and  fully  cor- 
roborated the  above  findings  (fig.  7). 

DISCUSSION 

From  the  above  experiments  it  is  clear  that  morphin  alone, 
and  morphin  in  combination  with  other  opium  alkaloids,  pro- 
duces different  local  effects  upon  the  ureter.  The  alkaloid  alone 
increases  its  tonus  and  contractions,  whereas  a  combination  of 
the  total  opium  alkaloids  causes  a  lowering  of  the  tonus  and  an 
inhibition  of  the  peristaltic  movements.  The  practical  interest 
of  this  observation  is  obvious.  The  local  effect  of  morphin  in 
ureteral  colic  is  to  increase  the  ureteral  spasm — a  very  undesir- 
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able  condition.  This  local  spasmodic  action  on  the  ureter  can 
be  overcome  by  combining  the  morphin  with  papaverin  or 
narcotin,  or  still  better  by  administering  the  total  opium  al- 
kaloids in  the  form  of  opium  or  of  a  combination  like  Sahli's. 
Such  a  combination  meets  admirably  the  required  conditions. 
It  relaxes  the  spasm,  while  at  the  same  time,  as  has  been  shown  by 
the  author,  it  is  actually  more  analgesic  (10),  less  depressant  to 
the  respiration  (11),  and  produces  less  nausea  (12). 

In  order  to   antagonize    the    spasmodic    effect   of   morphin, 
the  exhibition  of  atropin  naturally  suggests  itself.     Experiments 


Fig.  8.  Human  Ubetek.     One  Ring 

From  a  nephrectomy  for  tumor  of  kidney.  Two  hours  after  operation,  normal 
contractions  one  in  one  and  one-half  minute.  Morphin  10  mgm.  increases  the 
frequency  and  tonus.  Addition  of  papaverin  hydrochloride  5  mgm.  antagonizes 
the  morphin  effect.     (June  28,  1916). 

with  combinations  of  morphin  and  atropin  have  shown,  how- 
ever, that  the  ordinary  safe  doses  of  atropin  (not  more  than  1 
mgm.)  are  insufficient  to  overcome  the  tonic  effect  of  morphin 
(fig.  8). 

The  practical  application  of  the  deductions  drawn  from  the 
above  experiments  are  well  illustrated  by  the  following  case 
history. 

B.U.I.  5072.  Harry  M.,  age  35;  single;  white;  salesman.  Ad- 
mitted May  2,  1916.  Diagnosis,  ureteral  calculus.  Patient  has  in 
the  past  two  years  had  two  attacks  of  ureteral  colic.     This  is  the 
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third  attack.  On  admission  patient  was  in  agony  and  about  10  a.m. 
a  hypodermic  injection  of  morphin  sulphate  |  grain  was  given.  Pain 
was  not  reheved,  but  vomiting  was  produced.  About  two  hours  later, 
an  injection  of  j  grain  of  Sahli's  mixture  (  =  morphin  I  grain)  was 
given.  The  pain  was  quickly  relieved,  and  no  nausea  was  produced. 
The  patient  felt  well  and  left  the  hospital  next  day,  declining  to  undergo 
operation. 


Fig.  9.  Pig's  Ureter.     One  Ring 

Showing  increase  in  contractions  and  tonus  produced  by  10  mgm.  of  morphin 
sulphate;  addition  of  5  mgm.  of  atropin  sulphate  does  not  overcome  this  stimu- 
lation, yet  5  mgm.  is  far  in  excess  of  any  therapeutic  dose  in  man  (—  ^^  grain). 
On  other  hand  5  mgm.  of  papaverin  (P5)  causes  immediate  relaxation. 


CONCLUSIONS^ 

1.  Morphin  produces  an  increase  in  tonicity  and  in  the  rate 
of  contractions  of  the  ureter. 

2.  Papaverin  and  narcotin  produce  a  relaxation  of  the  tonus 
of  the  ureter  and  an  inhibition  of  its  contractions. 

3.  Opium  and  other  combinations  of  total  opium  alkaloids 
contain  enough  papaverin  and  narcotin  to  overcome  the  spas- 
modic local  efifect  of  morphin,  and  are  therefore  to  be  preferred 
to  morphin  in  case  of  ureteral  colic. 

^  The  full  data  of  this  investigation  will  appear  in  the  Journal  of  Pharmacology 
and  Experimental  Therapeutics. 
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THE    GROWTH   OF   BACILLUS    COLI    IN   URINE    AT 
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Baltimore,  Maryland 

INTRODUCTION 

The  present  study  was  undertaken  to  determine  the  effects 
of  accurately  measured  increases  in  acidity  and  alkaUnity  on  the 
growth  of  B.  coU.  It  was  our  hope  to  find  inhibition  within 
physiological  limits  which  might  be  used  as  an  aid  in  the  treat- 
ment of  pyehtis  and  cystitis.  But  it  is  equally  important  to 
know  what  the  probable  growth  would  be — within  these  limits — 
for  any  given  reaction. 

HISTORICAL 

Pasteur  (1879)  noted  the  effects  of  acidity  in  culture  media  on  mi- 
crobial life  (cit.  Clark  and  Lubs  1917).  Koch  (1881)  was  the  first  to 
use  acids  and  alkalies  as  germicides — and  Eatasato  (1888)  was  the  first 
to  make  quantitative  experiments.  He  determined  the  amount  of 
hydrochloric,  sulphuric  and  nitric  acids,  potassium  iodide,  bromide 
and  chlorides  necessary  to  Idll,  inhibit  and  allow  normal  growth  of 
cholera  and  typhoid  organisms.  Behring  (1890)  and  Boer  (1890)  were 
the  first  to  use  equimolar  solutions  (gram  molecular  equivalents  per 
Liter)  to  determine  toxicity  for  pathogenic  bacteria.  Wiithrich  (1892) 
following  the  advice  of  DeVries  (1884)  (there  cited)  used  molar  solu- 
tions of  acids  to  study  their  effects  on  fungi  spores.  According  to  mod- 
em chemical  views,  solutions  of  acids,  bases  and  salts  are  called  electro- 
h'tes  because  they  act  as  conductors  of  electricity.  In  water  solutions 
they  dissociate  into  their  respective  ions,  each  bearing  a  positive  or  nega- 
tive charge.  To  Dreser  (1893)  belongs  the  credit  for  having  shown 
that  physiological  action  may  depend  on  ionization.  He  worked  with 
mercury  salts  and  proved  that  the  double  hyposulphite  of  mercury- and 
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potassium,  which  on  dissociation  did  not  give  Hg++  (mercury  ions)  was 
less  toxic  to  yeasts,  frogs  and  fishes,  than  the  ionized  mercury  salts — as 
mercuric  chloride.  Paul  and  Kronig  (1896)  and  Kronig  and  Paul  (1897) 
did  the  classic  work  on  the  ionic  effects  of  acids,  bases  and  salts  in  their 
disinfecting  power  on  anthrax  spores  and  on  Micrococcus  aureus. 
This  work  has  stood  as  a  model  for  many  subsequent  investigations. 
Kahlenberg  and  True  (1896)  made  an  independent  research  on  the  ef- 
fects of  ions  on  the  growth  of  higher  plants,  using  Lupinus  albus. 
They  say  (p.  123)  "That  the  modern  theory  of  solutions  would  throw 
hght  on  their  physiological  action  was  to  be  expected.  From  the  fore- 
going detailed  results,  it  is  evident  that  in  the  case  of  plants  the  toxic 
action  of  solutions  of  electrolytes  when  dissociation  is  practically  com- 
plete is  due  to  the  action  of  the  ions  present.  When  dissociation  is  not 
complete  the  undissociated  part  may  also  exert  a  toxic  effect — as  has 
been  pointed  out  in  several  instances.  We  have,  then,  as  it  were,  a 
recognition  of  the  theory  of  electrolytic  dissociation  by  the  organic 
world."  Both  Paul  and  Kahlenberg  were  students  of  Ostwald.  Bial 
(1896)  (1897)  (1902)  showed  how  the  fermentation  of  yeasts  was  in- 
hibited by  acids  and  their  salts.  He  became  interested  from  the  point 
of  view  of  gastric  acidity  and  its  effects  on  fermentation.  (A  review  of 
the  antiseptic  action  of  gastric  juice  with  the  literature  on  the  subject 
is  found  in  Gregersen  (1916).)  An  excellent  review  of  the  work  of  these 
three  investigators  together  with  that  of  other  earlier  investigators  will 
be  found  in  the  article  by  Winslow  and  Lochridge  (1906).  Their  con- 
tribution dealt  with  the  amount  of  hydrochloric,  sulphuric,  benzoic  and 
acetic  acids  expressed  as  normality,  in  parts  of  acid  per  million,  total 
hydrogen  per  million,  and  H+^  per  million  necessary  to  kill  B.  coh  and 
B.  typhi  in  forty  minutes  at  room  temperature.  They  also  show  what 
percentage  was  killed  by  smaller  amounts  of  acid.  Their  figures  show 
the  effect  of  acids  in  tap  water  but  when  peptone  was  introduced  they 
could  not  quantitate  their  results  except  by  a  rough  comparison  to  con- 
ductivity. This  was  according  to  the  best  data  available  at  that  time. 
The  specific  ionic  effect  of  H+  became  very  rapidly  applied  to  biology. 
(See  bibliography  for  further  references.)  Further  development  has 
come  from  a  knowledge  of  the  laws  governing  the  acidity  of  solutions  de- 
veloped largely  in  this  country  by  Henderson  (1908)  (1909)  (1911)  (1913) 
and  abroad  by  Sorenson  (1909)  (1912),  Friedenthal,  and  Michaelis 
(1914).     For  an  excellent  discussion  of  Pg  especially  in  relation  to  the 

^  H+  means  hydrogen  ions;  pn  means  hydrogen  ion  concentration. 
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field  of  bacteriology  we  are  indebted  to  Clark  and  Clark  and  Lubs  (1915) 
(1916)  (1917). 

The  modern  physiological  conception  of  acidity  and  alkalinity 
depends  on  the  relation  between  the  hydrogen  ions  (H)+  and 
hydroxyl  ions  (OH)-.  If  they  are  equal  in  number  the  solution 
is  neutral.  This  is  the  case  with  water.  It  can  be  represented 
by  the  following  formula: 

mo  =  (H)+  +  (OH)- 

and  in  neutral  solution,  as  in  water 

(H)+  =  (OH)- 

By  various  methods  the  value  of  H  in  this  equation  =  0.0000001 
gram  per  Hter  or  1  X  10"'^  or  as  expressed  by  Sorenson  p^  = 
7.0.  Thus,  in  terms  used  in  this  paper,  p^  7.0  represents  neutral- 
ity. Numbers  larger  than  p  7.0  represent  alkaUnity;  numbers 
smaller  represent  acidity.  The  order  of  magnitude  of  the 
changes  used  in  this  paper  can  easily  be  borne  in  mind  when  we 
realize  that  tap  wat^r  boiled  and  cooled  may  vary  from  pg  5.0 
to  8.0,  urine  from  Pn  4.7  to  8.7  (Palmer  and  Henderson,  1913), 
and  culture  media  probably  as  widely,  depending  on  the  care 
and  the  methods  by  which  they  are  made.  Thus  we  can  see 
ample  practical  justification  for  following  Clark  and  Hurwitz  in 
carefully  regulating  the  reaction  of  culture  media. 

Henderson  and  Webster  (1907)  suggested  usiug  for  bacterio- 
logic  studies  media  in  which  neutrahty  could  be  maintained  by 
phosphates.  MichaeUs  and  Marcora  (1912)  determined  the  p^ 
of  cultures  of  coH  by  the  electrical  method  and  found  they  pro- 
duced acid  until  they  reached  a  final  or  Umiting  p^ ,  which  was 
about  1  X  10~^  or  p^  5.0.  They  also  inoculated  acetate  mixtures 
of  known  p^  and  found  good  growth  at  1  X  10"*  (pn  5.0),  100 
colonies  at  2  X  10-^  (p^  4.7),  50  colonies  at  4  X  10"^  (p^  4.4) 
and  none  at  8  X  10~*  (pj,  4.1)  or  in  any  more  acid  media.  Clark 
and  Lubs  (1915)  used  the  final  p^  as  a  means  of  differentiating 
the  groups  of  B.  coU.  Ayres  (1916)  has  appUed  this  same  method 
to  a  study  of  streptococci.     Bruenn,  (1913)  a  pupil  of  Michaelis, 
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has  used  mixtures  of  definite  Pa  to  determine  the  effect  of  acid 
as  a  disinfectant  for  B.  coli  and  B.  typhi.  He  comes  to  the  con- 
clusion that,  independent  of  the  concentration  of  the  mixture  of 
acid  and  salt,  and  using  lactates  as  well  as  acetates,  the  disin- 
fection is  dependent  upon  the  Pn .  He  found  that  the  death  point 
varied  between  Ph  2  X  10"^  and  4  x  10"^  (pg  4.7  —  4.4)  for  coh, 
and  from  Pn  0.25  X  10-^  to  1  X  IQ-^  or  2  X  IQ-^  (p^  5.6  -  5.0 
—4.7)  for  typhoid.  Lately,  Norton  and  Hsu  (1916)  have  also 
shown  the  effect  of  p^  on  the  killing  of  B.  typhosus  (Hopkins) 
using  formic  acid  and  formic  acid-ammonium  formate  mixtures. 
They  took  as  their  standard  the  Pn  necessary  to  kill  9,000,000 
organisms  at  20°  in  a  few  minutes  to  several  hours.  6  X  10"^  (p^ 
2.2)  killed  in  five  minutes  and  2  X  lO-^  (pn  2.7)  killed  in  two 
hundred  minutes.  From  this  they  calculate  that  the  disinfect- 
ing power  is  porportional  to  the  Pn ,  and  that  acid  ions  are  positive 
catalysers,  and  the  undissociated  acid  negative  catalysers  in  acid 
disinfection.  They  promise  further  investigations  as  to  the 
mechanism  of  the  salt  action. 

If  we  had  merely  been  interested  in  the  killing  of  B.  coli 
and  its  relation  to  hydrogen  ion  concentration,  our  work  would 
only  have  been  confirmatory.  However,  what  we  wanted  was, 
not  the  Ph  which  kills  many  organisms  in  a  short  time  but  one 
which  would  inhibit  their  growth  within  the  body.  Furthermore, 
we  were  equally  if  not  more  interested  in  two  other  things, 
namely,  the  point  on  the  alkaline  side  at  which  we  could  observe 
an  inhibition,  and  the  probable  expectancy  of  growth  at  varying 
degrees  of  acidity — a  biological  curve  of  the  mean,  mode  and 
hmits  of  growth  with  regard  to  acidity.  Quinby  (1917)  has  out- 
lined the  advisability  of  such  investigations  but  so  far  we  know 
of  no  literature  in  modern  terms  bearing  on  these  points. 

EXPERIMENTAL 

B.  coli  was  chosen  (1)  because  it  is  conunonly  used  for  work  in 
disinfection  ;  (2)  because  it  is  the  commonest  organism  found  in 
pyelitis  and  cases  after  instrumentation;  and  (3)  because  we  had 
reason  to  believe  that  it  was  in  many  respects  the  hardiest  of  the 
organisms  commonly  found  in  the  genito-urinary  tract. 
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The  organisms  were  grown  on  agar  and  transferred  to  bouillon. 
This  was  very  nearly  neutral  (pjj  7.0)  (see  Clark  (1915)  ).  It 
was  tested  before  making  an  inoculation  and  was  rejected  if 
more  acid  than  p^  6.8 — or  more  alkaline  than  p^  7.2.  A  twenty- 
four-hour  bouillon  culture  was  used  unless  otherwise  mentioned. 

The  urine  was  obtained  without  instrumentation.  We  re- 
jected the  first  portion  so  as  to  irrigate  the  anterior  urethra  and 
caught  the  rest  in  a  sterile  flask.  It  was  plated  without  dilution 
and  rejected  if  not  sterile.  Ten  cubic  centimeter  aliquot  por- 
tions were  titrated  with  n/10  NaOH  and  n/10  HCl  to  the  desired 
Ph  from  114.6—9.6  by  the  colorimetric  method  (Clark  and  Lubs) 
(1917).  To  determine  the  Pa  of  the  solution,  use  was  made  of 
standards  made  up  of  acid  potassium  phthalate,  phosphates 
and  borates.     The  following  indicators  were  used:^ 

Ph  4.4r-5.6  Methyl  red 

Ph  5.6-6.8  Dibrom  o-cresol  sulphonephthalein 

Ph  6.8-8.0  Phenol  sulphonephthalein 

Ph  7.2-8.8  o-cresol  sulphonephthalein 

Ph  8.0-9.6  Thymol  sulphonephthalein 

The  required  amount  of  acid  or  alkali  was  added  to  10  cc.  of 
8t«rile  urine  in  large  test  tubes,  so  that  the  total  amount  and 
concentration  of  salts  should  be  uniform. 

As  an  illustration  of  the  method,  we  will  suppose  that  it  is 
desired  to  add  to  the  urine  (a)  5  cc.  of  alkaU,  (b)  3  cc.  of  alkali, 
and  (c)  1  cc.  of  acid.  In  the  first  case,  of  course,  5  cc.  of  alkaU 
solution  would  be  taken,  but  in  the  second,  4  cc.  of  alkaU  and  1 
cc.  of  acid  and  in  the  third  2  cc.  of  alkaU  and  3  cc.  of  acid.  Thus 
in  every  case  5  cc.  of  solution  was  added  to  the  urine.  Acid  and 
alkah  of  the  strength  used  are  sterile  and  we  have  not  obtained 
contamination  in  controls  using  this  technique.  At  the  end  of 
the  day  we  again  tested  the  p^  and  found  this  had  not  changed 
more  than  0.3  Pa,  generally  less  than  0.2  Pg  from  the  original  titer. 

The  tubes  were  then  inoculated  with  one  standard  loop  or 
0.0001  cc.  of  the  culture,  in  either  case  about  50,000  of  the  or- 

'  The  sulphonephthalein  indicators  can  be  obtained  from  Hynson,  Westcott 
and  Dunning,  Baltimore. 
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ganisms  being  present.  They  were  incubated  at  37.0°C.  At  defi- 
nite periods  following  1  cc.  of  the  contents  was  removed  by  a 
sterile  pipette.  Care  was  taken  to  mix  the  fluid  thoroughly  be- 
fore taking  the  sample.  This  was  then  diluted  in  sterile  salt 
solution  in  99  cc.  flasks  and  9  cc.  tubes,  from  one  ten-thousandth 
to  one  ten-millionth  as  indicated.  A  clean  sterile  pipette  was 
used  for  each  dilution.  One  cubic  centimeter  was  then  put  into 
agar  (kept  in  a  bath  at  42°C.)  and  plated.  The  number  of  colo- 
nies was  counted  after  growing  at  37°  for  thirty-six  hours  to 
forty-eight  hours.  We  always  used  two  or  three  dilutions  of 
each  sample.  This  acted  as  a  check  and  also  gave  us  plates 
which  could  be  readily  counted.  All  colonies  were  counted  up 
to  500  on  each  plate.  Above  this  we  estimated  the  number  by 
counting  two-tenths  to  four-tenths  of  the  plate.  The  procedure 
was  made  as  uniform  as  possible  so  that  either  of  us  might  make 
a  series,  one  set  of  dilutions  or  a  part  of  one.  We  could  not 
distinguish  between  the  series  so  made. 

RESULTS 

The  table  of  results  will  be  found  at  the  end  of  the  article. 
(Table  I). 

The  results  have  been  plotted  in  two  ways:  first  each  curve  rep- 
resenting those  organisms  growing  at  a  given  pjj,  plotting  number 
of  colonies  as  ordinates  and  time  as  abscissae,  and  second,  the 
number  of  organisms  grown  in  a  varying  number  of  hours — plot- 
ting as  before  the  number  of  colonies  as  ordinates  but  p^  as  ab- 
scissae. A  glance  at  the  first  curve  (fig.  1)  which  is  a  typical 
example,  shows  that  very  small  changes  in  the  reaction  of  the 
medium  in  which  the  organisms  grow  cause  marked  differences 
in  the  amount  of  growth.  The  organisms  are  sensitive  to  a 
demonstrable  degree  to  changes  of  0.2  on  the  Pn  scale.  Fig.  2 
shows  the  limits  and  the  optima  of  growth.  The  organisms  of 
the  colon  type  are  inhibited  in  growth  at  about  p^  4.6  to  5.0  on  the 
acid  side  and  Pn  9.2  go  9.6  on  the  alkaline  side.  The  optimum 
reaction  is  that  which  approximates  true  neutrality  or  7.0  but 
is  roughly  between  6.0  to  7.0.  This  is  the  average  reaction  of 
the  urine  of  a  person  on  a  mixed  diet. 
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The  staphylococci  show  apparently  the  same  range  as  the  coli. 

The  streptococcus  was  obtained  from  a  patient,  who,  prior  to 

his  entrance  to   the  hospital  had  been  treated  without  relief 
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Fig.  1.  Coli  50 

Number  of  organisms  in  billions, 
per  cubic  centimeter  of  urine,  incu- 
bated at  37°C.  at  given  pa. 


Fig.  2.  Coli  50 

Number  of  organisms  in  billions, 
per  cubic  centimeter  of  urine,  incu- 
bated at  ST^'C.  at  a  given  time. 


with  alkaU  and  in  sufficient  amount  to  keep  his  urine  alkaline 
(to  Utmus).     This  organism  shows  an  unusually  alkaline  range. 
The  t3T)hoid  organism  shows  a  smaller  range  than  any  and 
within  easy  range  of  the  possible  variation  of  the  normal  urine. 
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DISCUSSION 


We  feel  that  the  distinction  made  by  Kitasato  (1888)  (1889) 
is  a  valuable  one  in  the  present  connection.  He  mentions  (a) 
the  amount  necessary  to  kill,  (b)  to  inhibit  growth,  (c)  to  allow 
normal  growth.  This  was  also  done  by  Boer  (1890),  who  showed 
that  inhibited  organisms  were  still  capable  of  growth  when  re- 
inoculated  into  bouillon.  We  were  able  to  show  the  same  phe- 
nomenon by  adding  acid  to  the  alkahne  cultures  and  alkali  to  the 
acid  ones  and  getting  growth  where  there  was  none  before. 
Wiithrich  (1892)  also  gave  the  figures  for  normal,  inhibition  and 
death.  Clark  (1899)  gave  four  classes  (1)  death,  (2)  inhibition, 
(3)  injury,  (4)  normal. 

For  our  purposes  the  figures  are  (1)  death,  (2)  inhibition,  (3) 
final  Ph — Clark  and  Lubs,^  (4)  optimum.  It  is  interesting  to 
note  from  Michaelis  and  Marcora  (1912)  how  near  the  death 
point  and  the  inhibition  point  are.  This  is  of  course  a  function 
of  many  variables,  among  others  the  rate  of  disinfection,  the 
temperature  effect,  on  both  the  disinfecting  power  and  the  growth. 
A  discussion  of  these  factors  would  take  us  too  far  but  the  papers 
of  Chick  (1908)  (1910),  Madsen  and  Nyman  (1908),  Paul  Bier- 
stein  and  Reuss  (1910),  and  Norton  and  Hsu  (1916)  throw 
great  light  upon  it.  It  is  of  especial  interest  in  a  problem  of  mixed 
infection  such  as  Luxwolda  (1912)  has  worked  out.  In  this  ar- 
ticle it  was  a  question  of  what  organisms  would  survive  in  milk 
at  varying  temperatures,  and  it  was  desired  to  have  the  acid- 
producing  organisms  inhibit  the  growth  of  the  putrefying  organ- 
isms. According  to  Clark  (1915),  Clark  and  Lubs  (1915)  and 
Michaelis  and  Marcora  (1912)  the  organisms  reached  a  limiting 
acidity.  If  coli  are  grown  in  a  sugar-free  bouillon  it  will  become 
alkaline  and  in  about  50  cultures  this  has  been  very  close  to 
Ph  8.4.     In  urine,  however,  the  final  p^  at  the  end  of  several 

'  The  final  pn  on  Clark  and  Lubs  media  has  been  incorporated  into  the  criteria 
for  separating  the  colon  group  by  the  Committee  of  the  American  Society  of  Bac- 
teriology. An  acid  pn  goes  with  "low  ratio  organisms"  ( ^q^y  and  the  more 
alkaline  ones  with  the  "high  ratio  organisms."     Winslow  and  Kligler  (1916). 
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weeks  is  very  near  the  original  one,  for  coli.     It  becomes  more 
alkaline  in  acid  mine  and  more  acid  in  alkaline  mine. 

Om-  conditions,  the  number  of  bacteria,  the  reaction  and  tem- 
peratm^,  have  been  taken  because  they  were  favorable  to  growth. 


J  nt  at  ion 


Acetate, 
in  term*  of 


i,h7.0     6.5     6.0     55     5.0     H.5     ^ 


Fig.  3.  Dial's  Data  on  Fermentation  of  Yeast  at  Given  Concentration  of 
Acetate  Mixtuke,  Figuked  in  Tekms  of  pa- 

0.25  gram  of  yeast  used  with  0.025  n/1  acetate  mixture,  and  with  0.05  n/1 
acetate  mixture.  0.5  gram  used  with  0.1  n/1  acetate  (figures  reduced  to  one-half) 
1  gram  used  with  0.2  n/1  acetate  (figures  reduced  to  one-fourth).  60  means  com- 
plete fermentation. 


The  medium  was  chosen  for  the  same  reason.  The  latent  period 
as  recently  described  by  Chesney  (1916)  is  amply  shown  in  our 
results.  We  observed,  however,  a  longer  latent  period  in  urine 
than  in  bouiUon.     Urine  is  not  only  easy  to  regulate  as  to  reac- 
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tion,  but  it  contains  enough  nitrogen  as  urea,  a-amino  acid 
nitrogen  (Rettger,  Berman  and  Sturges,  1916)  ammonia,  and 
xanthine  bases  for  growth.  The  hpoids  and  vitamines  would 
also  be  sufficient.  It  is  favorable  as  to  salt  concentration.  This 
was  not  the  case  with  Bial  (1902,  p.  524) ;  with  increasing  amounts 
of  acetates  he  decreased  the  fermentation.  We  must  remember 
that  his  was  a  more  delicate  measure  than  ours — a  cessation  or 
impairment  of  function.  We  have  appended  a  chart  which  we 
have  compiled  from  his  data  (experiments  16,  17,  18,  19),  (fig.  3). 
His  figures  can  be  expressed  in  terms  of  p^  since  they  are  the 
acetate  mixtures  studed  by  Walpole  (1914).  Hagglund  (1914) 
has  studied  the  yeasts  from  this  point  of  view  and  has  shown 
the  effect  of  different  temperatures  and  different  p^,  but  he  did 
not,  unfortunately,  choose  conditions  to  show  either  the  optimum 
or  the  concentration  effect.  Bial's  figures  show,  as  could  be  ex- 
pected, that  yeasts  grow  in  a  more  acid  medium  than  B,  coli. 
The  optimum  is  evidently  near  pj,  5.0  with  an  alkaline  inhibition 
near  p  7.0  and  an  acid  inhibition  near  Pjj  4.0  (?)  With  an  in- 
creasing salt  content  there  is  a  salt  antisepsis.  This  apparently 
has  not  much  effect  on  bacteria,  as  Bruenn  (1913)  showed  he 
could  take  five  times  or  one-fifth  the  concentration  with  the 
same  effect.  Dilution  of  urine  one-half  and  one-tenth  caused 
very  slight  changes  in  the  growth. 

Our  figures  Pn  4.6  to  5.0  agree  very  well  with  those  of  Michaelis 
(1912)  1  X  10-s  (p,  5.0)  and  Clark  (1915)  Ph  46.-4.8  and  Clark 
and  Lubs  (1915)  p^  4.9  to  5.1  for  the  acid  inhibition  of  B.  coli 
and  corroborate  their  findings.  It  is  almost  impossible  to  draw 
any  conclusions  from  comparison  with  Winslow  and  Lochridge's 
(1906)  figures.  They  found  7  to  10  parts  per  million  (p^  3.0  to 
3.6)  for  the  amount  of  acid  to  kill  100  per  cent  of  organisms  at 
room  temperature  in  forty  minutes.  The  same  applies  to  the 
results  of  Norton  and  Hsu  (1916),  H+3.4  X  10-^  (p^  2.5)  to  kill 
in  fifteen  minutes,  2.6  X  10~^  (p^  2.6)  to  kill  in  two  hundred  and 
five  minutes. 

It  is,  of  course,  very  difficult  to  obtain  accurate  results  in  dilute 
solutions  that  have  no  buffer  value.  The  bacteria  themselves 
may  have  enough  salt  or  phosphate  to  change  very  appreciably 
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the  reaction.  Michaelis  and  Adier  (1914)  have  shown  that  when 
controlled  by  the  H+  electrode  solutions  of  JSi  oi  the  same 
Ph  give  the  same  values  in  biological  systems  as  any  other  source 
of  H+.  All  these  figures  are,  however,  of  the  same  order  of  mag- 
nitude. All  figures  in  which  fixed  quantities  of  acids  or  alkaUes 
have  been  added  to  gelatine  or  bouillon  previously  neutraUzed 
to  phenolphthalein  must  be  rejected,  for  as  Clark  (1915)  has 
shown,  we  cannot  calculate  the  true  reaction. 

Many  organisms  require  special  media  made  from  body  fluids, 
such  as  hydrocele  fluid,  ascitic  fluid  and  blood  serum.  Hender- 
son (1909b)  has  shown  how  the  body  fluids  are  kept  at  neu- 
trality with  a  remarkable  constancy.  These  special  media 
probably  act  partly  through  maintaining  the  body  reaction,  for 
neutrality  is  the  optimum  for  growth. 

We  hope  to  continue  the  study  of  these  problems,  especially  in 
the  appHcation  of  these  findings  to  clinical  problems. 

SUMMARY 

1.  B.  coli  are  inhibited  from  growing  in  urine  at  p  4.6  to  5.0 
on  the  acid  side,  9.2  to  9.6  on  the  alkaline  side. 

2.  Typhoid  (Rawlings)  has  narrower  limits. 

3.  The  optimum  for  growth  of  coli  Hes  at  Pa  6.0  to  7.0. 

We  wish  to  thank  Dr.  Hugh  H.  Young,  Director  of  the  James 
Buchanan  Brady  Urological  Institute,  for  his  suggestions  and 
encouragement,  Dr.  S.  Bayne-Jones  of  the  Department  of 
Pathology  for  allowing  us  to  use  the  organisms  he  had  previously 
studied,  and  Dr.  Wm.  M.  Clark  and  Dr.  H.  A.  Lubs,  of  The  Bu- 
reau of  Animal  Industry,  U.  S.  Department  of  Agriculture,  for 
material  and  for  the  privilege  of  reading,  in  manuscript,  their 
article  before  publication  in  the  Journal  of  Bacteriology,  1917. 

It  has  been  considered  worth  while  to  append  a  comprehensive 
list  of  references  of  this  subject. 
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TABLE  1 


Number  of  organisms  per  cubic  centimeter  of  urine.     Initial  number  equals  5000 
per  cubic  centimeter.     Urine  titrated  to  pn  indicated.     Incubated  at  S7°C. 


ORGANISM 

Ph 

4  HOURS 

6  HOURS 

8  HOURS 

10  HOURS 

12  HOURS 

5.0 

20,000 

50,000 

0 

0 

5.9 

300,000 

1,000,000 

35,000,000 

53,000,000 

Coli 
aab 

9.0 

30,000 

1,200,000 

14,000,000 

50,000,000 

5.6 

1,100,000 

34,000,000 

190,000,000 

170,000,000 

210,000,000 

7.4 

4,500,000 

00 

180,000,000 

460,000,000 

00 

9.6 

10,000 

30,000 

4,000,000 

19,000,000 

5.0 

1,100,000 

12,000,000 

30,000,000 

32,000,000 

5.45 

1,700,000 

14,500,000 

97,000,000 

68,000,000 

6.8 

2,700,000 

45,000,000 

212,000,000 

129,000,000 

7.8 

1,900,000 

26,000,000 

126,000,000 

105,000,000 

8.8 

700,000 

11,000,000 

70,000,000 

62,000,000 

Coli  zv  ■ 

4.8 

22,500,000 

55,000,000 

49,000,000 

7.0 

60,000,000 

300,000,000 

200,000,000 

7.4 

80,000,000 

280,000,000 

230,000,000 

9.2 

35,000,000 

140,000,000 

90,000,000 

9.6 
4.6 

0 

0 

0 

160,000 

200,000 

900,000 

16,000,000 

9.4 

30,000 

0 

40,000 

0 

5.0 

3,600,000 

9,600,000 

58,000,000 

70,000,000 

5.8 

7,700,000 

55,000,000 

255,000,000 

195,000,000 

6.8 

17,400,000 

68,000,000 

330,000,000 

530,000,000 

7.8 

12,500,000 

69,000,000 

610,000,000 

1,250,000,000 

Coli  ze  ■ 

8.8 

2,200,000 

10,500,000 

200,000,000 

300,000,000 

4.6 

400,000 

1,400,000 

22,300,000 

28,000,000 

4.8 

800,000 

11,900,000 

26,000,000 

66,000,000 

9.4 

400,000 

0 

0 

10,000 

'4.6 

5,200,000 

30,000,000 

46,000,000 

60,000,000 

9.2 

200,000 

170,000 

1,500,000 

13,000,000 

Coli  yv  • 

5.8 

2,000,000 

92,000,000 

230,000,000 

420,000,000 

740,000,000 

7.0 

1,900,000 

93,000,000 

195,000,000 

395,000,000 

760,000,000 

8.0 

2,000,000 

61,000,000 

170,000,000 

210,000,000 

500,000,000 

[9.4 

100,000 

500,000 

3,600,000 

39,000,000 

130,000,000 

TABLE  1— Continued 


ORGANISM 

Ph 

4  HOI7BS 

6  HOOHS 

8  BOUB8 

10  HOUB8 

12  HOT7B8 

4.6 

180,000 

480,000 

6,500,000 

5.0 

1,900,000 

44,000,000 

280,000,000 

6.0 

11,800,000 

500,000,000 

3,150,000,000 

7.0 

36,400,000 

130,000,000 

125,000,000 

9.2 

7,600,000 

55,000,000 

00 

Coli  bu 

9.6 

80,000 

10,000 

0 

5.6 

500,000,000 

3,700,000,000 

8,900,000,000 

6.0 

400,000,000 

3,900,000,000 

9,999,000,000 

6.7 

590,000,000 

4,500,000,000 

3,700,000,000 

7.4 

620,000,000 

4,300,000,000 

3,700,000,000 

4.6 

20,000 

0 

0 

5.0 

1,200,000 

78,000,000 

50,000,000 

flnli   'V)     1 

6.0 

13,000,000 

100,000,000 

1,680,000,000 

7.0 

20,000,000 

150,000,000 

6,700,000,000 

9.2 

60,000 

200,000 

11,600,000 

9.6 

0 

10,000 

200,000 

4.6 

0 

0 

0 

0 

Ty- 

5.0 

0 

0 

0 

0 

phoid 
(Rawl-  ' 

6.4 

300,000 

2,000,000 

20,000,000 

470,000,000 

7.4 

100,000 

2,000,000 

6,000,000 

50,000,000 

ings) 

8.8 

10,000 

0 

0 

0 

9.2 

10,000 

0 

0 

0 

4.6 

30,000 

400,000 

1,100,000 

12,700,000 

Staph. 
Aureus 

7.0 

4,200,000 

18,000,000 

140,000,000 

200,000,000 

9.2 

400,000 

2,700,000 

15,000,000 

31,000,000 

8.0 

300,000 

13,200,000 

43,000,000 

55,000,000 

88,000,000 

9.4 

300,000 

800,000 

3,700,000 

13,000,000 

35,000,000 

4.6 

100,000 

200,000 

10,000 

0 

5.5 

100,000 

2,400,000 

47,000,000 

69,000,000 

Staph. 

6.4 

600,000 

6,600,000 

104,000,000 

63,000,000 

Albus 

7.4 

600,000 

7,900,000 

80,000,000 

70,000,000 

8.4 

900,000 

6,400,000 

27,000,000 

35,000,000 

9.4 

0 

20,000 

600,000 

1,500,000 

4.6 

40,000 

10,000 

0 

5.0 

90,000 

10,000 

300,000 

1 

Strep. 

6.0 

300,000 

650,000 

6,700,000 

h.      ' 

7.0 

1,100,000 

2,900,000 

15,000,000 

9.2 

950,000 

2,300,000 

55,000,000 

9.6 

220,000 

1,600,000 

40,500,000 

00  Indicates  many  organisms — not  counted. 
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TABLE  1— Concluded 
Characteristics  of  the  organisms 


DEX- 

SACCHA- 

KAFPI- 

ADO- 

DTJL- 

LAC- 

Coj 

TBOSB 

ROSE 

NOSE 

NITB 

CITB 

TOSE 

Hj 

+ 

— 

— 

— 

_ 

+ 

1.06 

+ 

+ 

+ 

- 

— 

+ 

1.06 

+ 

+ 

+ 

+ 

+ 

+ 

2.40 

+ 

- 

+ 

+ 

+ 

+ 

2.07 

+ 

+ 

+ 

+ 

+ 

+ 

LIMITINO  Pg 
C  d;  L  MEDIA 


aab* 

zv^ 

ze* 

y  v^ 

bu2* 

502* 

Typh.^t  (Rawlings) 

Staphylococcus  alb.'^f-  •  ■  ■ 
Staphylococcus  Aureus'**. 
Streptococcus'* 


5.1 
4.9 
6.8 
6.8 
5.0 
4.9 


^  Obtained  from  Drs.  Clark  and  Lubs. 
^  Obtained  from  Dr.  Bayne-Jones. 
3  Obtained  from  Harriet  Lane  Home. 
*  Pyelitis  case, 
t  Stock  culture. 
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THE  VERUMONTANUM,  WITH  SPECIAL  REFERENCE 
TO  THE  SINUS  POCULARIS:  ITS  ANATOMY, 
HISTOLOGY,  AND  PHYSIOLOGY 

A.  G.  RYTINA 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital 

In  1914  I  reported  before  the  Genito-Urinary  Section  of  the 
American  Medical  Association  a  new  instrument  for  the  radical 
remova^  of  the  verumontanum  and  discussed  briefly  the  anat- 
omy, histology  and  pathology  of  this  organ  based  on  studies  of 
specimens  removed  by  this  operation.  Since  this  time,  the 
question  has  been  pursued  further  using  for  the  purpose  serial 
sections  of  the  entire  verumontanum  obtained  at  autopsies.  As 
a  result  of  this  more  advanced  study,  I  am  able  to  add  somewhat 
to  my  previous  report  and  am  compelled  to  make  a  few  minor 
corrections  of  \'iews  expressed  in  the  former  paper  concerning 
its  histology.  In  the  report  alluded  to,  the  verumontanum  was 
described  as  composed  of  a  central  glandular  and  peripheral 
stromal  portion  and  the  sinus  pocularis  as  a  long  canal  lined  by 
a  many  layered  squamous  epithehum  and  ending  in  a  compli- 
cating system  of  invagination  processes.  The  central  group  of 
glands  was  described  as  surrounding  the  sinus  pocularis.  Up  to 
this  time  I  had  not  determined  the  manner  by  which  these 
glands  emptied  themselves.  It  was  only  after  making  .many 
sections  of  the  entire  verumontanum  and  including  all  the  sec- 
tions in  the  study  that  it  was  possible  to  clear  up  this  point. 
My  first  studies  included  about  eighteen  specimens  removed  by 
operation.  Of  these  only  three  were  cut  serially  and  every  fifth 
section  was  only  utiUzed.  As  a  result  I  missed  completely  the 
outlet  of  these  glands  and  began  to  think  of  ductless  glands, 
internal  secretion,  etc.,  because,  their  structure  was  one  which 
suggested  acti\dty  of  some  sort.  However,  after  making  the 
sections  extremely  thin  and  studying  every  section  very  care- 
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fully  it  was  learned  that  these  glands  emptied  by  smaller  and 
larger  ducts  into  the  very  large  duct  or  long  canal  which  I  con- 
sidered the  entire  sinus  pocularis.  In  other  words,  the  sinus  po- 
cularis  is  a  highly  glandular  organ  composed  of  numerous  acini, 
which  open  by  smaller  and  larger  ducts  into  one  grand  or  common 
duct  and  this  in  turn  opens  on  the  surface  of  the  verumontanum 
by  a  rounded  or  slit-like  opening.  In  my  previous  study  I 
missed  the  connecting  link,  namely,  the  small  ducts  between  the 
central  groups  of  glands  and  the  grand  or  common  duct.  This 
caused  me  to  re-arrange  my  conception  of  the  sinus  pocularis  and 
not  only  to  study  its  histology  with  more  interest,  which  will  be 
described  anew  and  more  completely,  but  to  learn  how  the  older 
anatomists  regarded  it,  especially  E.  H.  Weber,  who  called  it 
the  uterus  masculinus. 

HISTORICAL 

Among  urologists  at  the  present  time,  a  great  deal  of  interest 
is  manifested  in  the  verumontanum  on  account  of  the  important 
role  its  pathology  is  supposed  to  play  in  the  production  of  many 
sexual  disturbances,  so  commonly  seen  in  the  male.  A  large 
number  of  modern  text-books  on  embryology,  histology,  anatomy, 
pathology,  and  genito-urinary  surgery  have  been  examined  and 
it  was  surprising  to  find  what  a  dearth  of  information  there  was 
on  the  subject  of  the  verumontanum.  If  we  go  back  to  the.older 
literature,  we  find  a  more  generous  discussion  of  the  anatomy  of 
this  organ,  but  the  consideration  of  its  histology  is  scant  and 
for  the  most  part  so  inaccurate,  that  it  was  of  Uttle  use  for  the 
purpose  of  this  study.  The  best  description  perhaps  that  can 
be  found  in  the  older  literature  is  that  by  Rtidinger.  Henle  in 
his  text-book  on  anatomy  has  devoted  considerable  space  to  this 
organ.  In  some  instances,  we  will  find  a  rather  elaborate  descrip- 
tion of  the  verumontanum,  but  it  is  surprising  to  learn  after  a 
study  of  this  organ  how  inaccurate  are  such  descriptions. 

Weber  in  1836  described  more  accurately  the  meaning  of  the 
vesiculae  prostaticae  in  men  and  at  the  Research  Convention  of 
Naturalists  in  Braunschweig  in  1841  laid  before  them  his  ob- 
servation of  the  uterus  masculinus  in  mammals.     He  discussed 
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the  organ  and  the  relationship  of  its  position  and  form  in  rabbits, 
horses,  dogs,  hogs,  the  cat,  and  humans. 

Weber  looked  upon  the  sinus  pocularis  as  an  embryonic  rest 
and  regarded  it  as  corresponding  to  the  female  uterus,  on  which 
account,  he  called  it  the  uterus  mascuUnus.  It  has  also  been 
called  the  organ  of  Weber,  after  this  same  author,  giving  the 
mpression  that  it  was  first  described  by  him.  However,  it  was 
first  described  and  illustrated  by  Morgagni  under  the  name  of 
''sinus  prostatae"  and  later  by  Albinus  and  Schlichting.  Sev- 
erinus  mentions  the  structure  by  the  name  of  sinus  prostatae  and 
gives  an  indefinite  drawing  of  it  in  the  Circopithecus,  but  as  he 
does  not  add  any  particular  description  of  it,  it  is  impossible  to 
know  what  he  means  by  sinus  prostatae.  Luckhart  briefly  de- 
scribed the  uterus  masculinus  in  various  animals.  Ackermann 
found  it  in  an  hypospadiac  and  describes  it  as  an  uterus  under  the 
name  uterus  cystoides,  without,  however,  being  aware  of  its  nor- 
mal occurrence.  He  mentions  other  examples  by  Petit,  Sue  and 
Maret.  Pallas  mentions  that  both  ductuli  deferentes  in  Leptus 
Ogotona  open  in  one  canal  of  which  he  gives  a  drawing.  Meckel 
mentions  it.  Brandt  and  Ratzeburg  have  described  the  two 
horned  uterus  masculinus  in  mammals.  Rathke  found  in  his 
researches  on  the  genital  organs  of  sheep  and  pig  embryos,  a 
similarity  of  these  portions  of  the  different  sections  so  marked 
that  the  male  organ  could  be  differentiated  from  the  female 
only  with  difficulty.  He  was  therefore  the  first  to  call  attention 
to  the  analogy  to  the  uterus  of  the  male  fetus,  but  he  did  not 
carry  out  his  researches  upon  the  adult  animal.  Of  all  these  au- 
thors Weber  has  written  the  most,  but  his  descriptions  of  it  are 
more  or  less  coarse  and  of  no  value  in  the  present  study.  Riid- 
inger  in  1883  described  it  more  accurately  and  illustrated  it  with 
a  number  of  drawings,  but  even  his  description  was  faulty  and 
incomplete.  Of  the  older  clinicians,  the  chief  ones  to  devote  at- 
tention to  it  were  Lallemand  and  Griinfeld,  the  latter  having 
been  the  first  to  observe  it  urethroscopically.  In  this  country 
clinical  articles  by  Hawkins,  Swinburne,  Ruggles,  Randall  and 
others  have  appeared,  in  addition  to  an  excellent  article  by  Bel- 
field  on  utriculitis  in  which  the  author  discusses  the  embryology 
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of  the  utricle  and  its  pathological  and  clinical  possibilities. 
Among  the  modern  foreign  writers,  several  clinical  articles  have 
appeared  by  Wossidlo,  Orlowski,  Luys  and  others. 

VERUMONTANUM.        SYNONYMS : — SCHNEPSENKOPF,     COLLICULUS 

SEMINALIS,  CORNUCULA  SEMINALIS,  CAPUT  GALLINACEUM, 

CRISTA   URETHRALIS 

Anatomy.  The  verumontanum  is  a  small,  rounded,  oval,  ellipti- 
cal, or  conical  elevation,  situated  on  the  floor  of  the  proximal  half 
of  the  posterior  urethra.  Its  posterior  surface  is  sharply  demar- 
cated from  the  floor  of  the  posterior  urethra,  whereas  its  anterior 
surface  tapers  gradually  off  into  the  crista  galli.  Occasionally 
it  tapers  gradually  posteriorly,  as  it  always  does  anteriorly.  Its 
color  is  a  pale  pink,  and  lighter  in  hue  than  the  surrounding  mu- 
cous membrane  of  the  urethra.  The  verumontanum  is  separated 
from  the  prostate  by  the  floor  of  the  urethra  and  a  few  gland 
acini  (suburethral  group  of  glands).  Posteriorly  it  extends  up- 
ward and  fades  off  insensibly  in  the  floor  of  the  vesical  neck  by  a 
number  (about  six)  of  longitudinal  striae.  On  its  anterior  sur- 
face in  the  mid  line  is  an  opening  which  is  usually  rounded,  but 
may  be  slit-like  or  quarter-moon  in  shape  and  about  one-eighth 
of  an  inch  in  length.  This  is  the  mouth  of  the  sinus  pocularis. 
At  times  the  opening  of  the  sinus  pocularis  may  be  found  upon 
the  superior  rather  than  upon  the  anterior  surface  of  the  veru- 
montanum. The  base  of  the  verumontanum  is  firmly  attached 
to  the  wall  of  the  urethra.  The  verumontanum  could  not  be 
dissected  entirely  free  of  the  urethra  owing  to  its  intimate  con- 
nection therewith  and  the  fact  that  the  main  structures  com- 
posing it,  namely,  the  sinus  pocularis,  the  ejaculatory  ducts  and 
prostatic  ducts,  extend  through  the  entire  urethral  wall  and  to 
the  prostate  below.  Opening  at  a  point  in  front,  below,  laterally 
or  even  posteriorly  to  the  opening  of  the  sinus  pocularis  and  not 
necessarily  bearing  a  symmetrical  relation,  as  regards  position 
or  shape,  are  the  ejaculatory  ducts  opening  by  mouths  which 
may  be  rounded  or  slit-like,  the  latter  straight  or  concave.  The 
latter  may  be  so  small  and  so  flat  that  they  cannot  be  seen  with  the 
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naked  eye.  Even  in  fresh  specimens,  it  may  be  necessary  to  in- 
ject them  before  they  can  be  recognized  by  the  spurt  which  is 
in  an  upward  direction.  On  the  other  hand  they  may  be  so 
prominent  that  they  are  larger  than  the  opening  of  the  sinus 
pocularis.  The  elevation  is  formed  by  the  upward  growth  or 
extension  of  the  sinus  pocularis.  In  other  words,  remove  from 
the  verumontanum  the  sinus  pocularis,  the  ejaculatory  ducts 
and  the  prostatic  ducts,  and  you  will  have  a  smooth  flat  surface 
remaining,  even  with  the  rest  of  the  posterior  urethra  and  pos- 
sessing a  structure  identical  to  it. 

SINUS  POCULARIS.      SYNONYMS: — UTRICULUS  PROSTATICUS,  VESIC- 

ULA  SPERMATICA  SPURIA,  VESICA  PROSTATICA,  WEBER 

UTERUS  MASCULINUS,  ORGAN  OF  WEBER 

Definition.  It  is  an  encapsulated,  glandular  organ,  whose 
acini  open  by  smaller  and  larger  ducts  into  one  grand  or  common 
duct.  The  latter  opens  usually  on  the  anterior  surface  of  the 
verumontanum  by  an  opening  which  is  either  a  rounded  aper- 
ture or  straight  or  concave  slit.  The  glandular  acini  are  sepa- 
rated by  an  interglandular  stroma,  which  is  derived  from  and  is 
continuous  with  the  capsule  or  wall  of  the  sinus  pocularis. 

Glandular  acini  structure.  The  glands  vary  in  number,  in  size,  and 
in  shape  in  the  various  specimens.  They  may  be  simple,  racemose 
glands  or  they  may  in  some  portions  show  rather  marked  intra- 
acinous  proliferation  (figs.  1,4).  The  wall  or  base  of  the  acini 
is  composed  of  a  flattened  layer  of  connective  tissue  cells  upon 
which  are  immediately  apposed  the  cells  of  the  acini  them- 
selves. The  latter  may  be  simple  columnar  or  simple  cuboidal 
in  type,  more  often  the  latter  (fig.  4).  Occasionally,  the  cells 
of  the  acini  are  so  closely  packed,  that  they  appear  somewhat 
squamous  in  type.  The  number  of  cell  layers,  is  usually  two  or 
three,  although  at  times  owing  to  the  way  the  specimen  has  been 
sectioned,  it  \^all  appear  many  layered.  The  nuclei  are  small  sized, 
rather  rounded  in  shape  and  usually  take  the  stain  well.  The 
protoplasm  is  clear  and  also  takes  the  eosin  stain  with  avidity. 
The  lumen  of  the  glands  seems  empty,  but  occasionally  corpora 
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amylacea  are  seen  in  them  (fig.  8).  Exfoliated  epithelium  is  also 
seen  at  times  within  their  lumen.  From  the  manner  in  which 
the  gland  cells  take  the  stain  and  their  appearance  of  activity,  it 
is  quite  probable  that  they  have  some  active  function  to  perform. 
This  is  also  evidenced  by  the  fact  that  the  walls  of  the  acini 
show  healthy,  active  looking  tissue,  not  atrophic  as  it  would  pre- 
sumably appear  if  the  organ  were  only  an  embryonic  rest. 

Ducts.  By  thin  serial  sections,  it  is  easy  to  see  that  these 
glandular  acini  open  by  smaller  and  larger  ducts  into  one  grand 
or  common  duct  (figs.  1,2).  The  latter  courses  obliquely  through- 
out the  entire  length  of  the  sinus  pocularis  and  is  lined,  like  the 
smaller  ducts,  with  the  same  type  of  epithelium  as  the  acini  them- 
selves. The  invagination  processes  which  I  described  in  my  pre- 
vious paper  simply  represent  larger  ducts,  emptying  into  the 
grand  or  common  duct.  In  one  specimen,  the  common  duct,  in- 
stead of  coursing  obliquely  through  the  sinus  pocularis,  had  a 
semilunar  shape,  capping  the  glandular  portion,  into  which  the 
latter  emptied  their  contents.  This  gave  the  duct  a  rather  bi- 
cornuate  appearance  (fig.  2).  The  glands  of  the  sinus  pocularis, 
encased  in  their  firm  capsule,  are  seen  in  every  portion  of  the  or- 
gan. The  sinus  pocularis  ends  either  in  the  substance  of  the  ure- 
thral wall  or  dips  down  slightly  to  end  in  the  upper  part  of  the 
basis  prostatae. 

Common  dud.  This  duct  courses  usually  in  an  oblique  man- 
ner throughout  the  entire  sinus  pocularis  and  is  lined  by  the  same 
type  of  epitheUum  as  the  acini  and  on  cross  section  looks  like  a 
mucous  membrane  with  many  invagination  processes  (figs.  1,  6). 
Serially,  however,  it  can  be  seen  that  these  invagination  proc- 
esses are  the  larger  ducts  which  receive  as  tributaries  the  smaller 
ducts  and  which  in  turn  drain  the  glands  themselves  (figs.  2,  6). 

Capsule.  The  entire  sinus  pocularis  is  enclosed  in  a  very  firm 
wall  or  tunic  which  microscopically  is  composed  principally  of 
fibrous  tissue  with  a  generous  admixture  of  smooth  muscle  fibers. 
By  special  staining  I  was  able  to  show  that  it  also  contained 
elastic  tissue  (fig.  9).  Lowsley  claims  that  the  verumontanum 
contains  no  elastic  tissue.  The  wall  of  the  sinus  pocularis  varies 
in  thickness  in  its  different  portions.     It  is  continuous  with  the 
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interglandular  stroma  of  the  prostate  and  ends  insensibly  in  the 
muscular  wall  of  the  urethra.  By  serial  sections  one  can  trace 
the  interglandular  stroma  of  the  prostate  and  see  how  it  forms  the 
wall  of  the  prostatic  acini  and  from  here  dips  in  between  the 
indi\'idual  acini  and  forms  their  fine  supporting  framework. 
Similarly,  it  continues  to  form  the  wall  of  the  sinus  pocularis, 
whence  it  extends  to  form  the  supporting  framework  of  its  glandu- 
lar acini.  From  here  one  can  trace  it  to  its  insensible  ending  in 
the  body  of  the  urethral  wall. 

Physiology.  The  exact  function  of  the  verumontanum  is  not 
known.  The  old  view  was  that  it  was  composed  of  characteris- 
tic blood  spaces  and  that  during  erection,  these  spaces  filled  and 
engorged  the  verumontanum  to  a  size  which  caused  a  blockage  of 
the  posterior  urethra  and  prevented  regurgitation  of  semen  dur- 
ing ejaculation.  This  view  was  first  promulgated  by  Weber  and 
subscribed  to  by  Waldeyer,  Frisch,  Cobelt,  Rtidinger,  etc.  First 
of  all,  the  verumontanum  is  not  composed  of  characteristic  blood 
spaces.  Indeed,  the  blood  supply  to  it  is  not  any  richer  than 
that  of  the  surrounding  tissues.  If  this  contention  were  true, 
the  radical  removal  of  the  verumontanum  would  be  followed  by 
regurgitation  of  semen  into  the  bladder  during  ejaculation.  The 
author  has  removed  the  verumontanum  without  ever  noting  this 
occurrence.  Walker  has  summed  up  eleven  objections  to  this 
view,  namely: 

First:  The  verumontanum  is  not  situated  in  the  posterior  portion  of 
the  prostatic  urethra,  but  in  the  middle  and  anterior  portions;  so  that, 
if  the  swelling  were  sufl&cient  to  block  the  urethra  it  would  obliterate 
the  whole  cavity. 

Second:  The  caput  gallinaceum  is  in  the  most  capacious  part  of  the 
prostatic  urethra.  It  is  not  probable  that  an  organ  which  was  to  act 
as  an  obstruction  would  be  placed  in  a  position  which  was  most  unfa- 
vorable for  the  performance  of  that  function. 

Third:  The  urethral  fold  covering  the  organ  is  as  vascular  as  the 
others;  but  the  substance  of  the  organ  proper  is  much  less  so;  and  in 
several  cases,  pointed  out  by  Rtidinger,  it  was  very  deficient  in  blood- 
vessels. It  is,  therefore,  not  vascular  enough  to  produce  the  necessary 
swelling  to  strongly  obliterate  the  urethra  at  this  point. 
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Fourth:  From  the  crest  it  generally  slopes  toward  the  membranous 
urethra,  forming  the  crista  urethralis  anterior,  and  does  not  end  more 
or  less  abruptly,  as  would  be  expected  if  it  were  intended  to  act  as  a 
valve.  It  is  thus  in  a  very  poor  mechanical  condition  to  offer  resist- 
ance, even  if  it  were  forcibly  pressed  against  the  anterior  wall. 

Fifth:  The  ejaculatory  ducts  empty  on,  or  very  near,  the  crest  of 
the  elevation,  most  of  the  prostatic  ducts  pouring  out  their  secretion 
opposite  or  behind  it,  so  that  if  it  were  sufficiently  enlarged  to  obliter- 
ate the  urethra,  it  would  entirely  close  both  prostatic  and  ejaculatory 
ducts. 

Sixth :  The  corpora  spongiosa,  in  the  anterior  portion  of  the  urethra, 
offer  the  same  kind  of  resistance;  and  to  nearly,  if  not  altogether,  the 
same  degree  as  the  verumontanum.  The  congestion  is  even  greater  in 
the  penile  portions,  for  the  venous  return  is  prevented  by  muscular  con- 
traction. 

Seventh:  In  the  hedgehog  and  cat,  the  organ  is  placed  considerably 
forward  in  the  urethra,  and  between  it  and  the  bladder,  the  urethra  is 
narrow,  and  surrounded  by  a  thick  muscular  coat,  which  offers  all  the 
necessary  resistance. 

Eighth:  A  cast  taken  of  the  distended  urethra  shows  the  organ 
pushed  into  the  anterior  portion  and  it  is,  relatively,  a  very  insignifi- 
cant elevation. 

Ninth :  An  artificial  erection  was  made  in  a  human  cadaver  by  forci- 
bly filling  the  blood  vessels  of  penis,  prostate,  and  bladder.  During 
this,  a  low  melting  paraffin  was  injected  into  the  urethra;  under  very 
slight  pressure  it  passed  directly  into  the  bladder.  After  the  bladder 
was  quite  full,  the  pelvis  was  cooled,  and  laid  in  strong  muriatic  acid, 
until  the  flesh  was  removed.  The  cast  thus  obtained  showed  a  moder- 
ately capacious  prostatic  urethra,  with  the  verumontanum  extending 
not  more  than  half  way  to  the  anterior  wall. 

Tenth :  During  the  highest  point  of  an  erection,  micturition  can  be 
accomplished,  although  not  with  the  same  force  as  otherwise,  but  this 
fact  proves  conclusively  that  the  urethra  is  not  occluded.  This  point 
has  been  noted  in  the  insane  and  I  have  personally  observed  it  in  cases. 

Eleventh :  It  may  be  argued  that  the  prostatic  muscle  contracts,  nar- 
rowing the  urethra,  and  thus  aiding  in  the  occlusion  of  the  canal.  This 
cannot  occur  to  a  material  degree,  for  the  muscular  arrangement  is  not 
such  to  permit  it. 

According  to  Walker  the  function  of  the  verumontanum  is  to 
afford  a  prominent  eminence  or  hill  on  which  the  ejaculatory  ducts 
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empty.  It  is  a  well  known  fact  that  in  the  testes  and  epidid\Tnes, 
the  vast  majority  of  the  spermatozoa  have  Uttle  or  no  motion  and 
it  is  believed  that  the  addition  of  prostatic  secretion  fluidifies 
the  semen  and  promotes  motiUty  of  the  spermatozoa.  The  mix- 
ture of  thick  gelatinous  semen  with  the  thin  prostatic  secretion 
must  occur  at  the  moment  of  ejaculation  and  must  be  perfectly 
homogeneous,  otherwise  large  numbers  of  the  organisms  remain 
in  the  thick  gelatinous  portion  of  the  fluid.  This  necessitates 
some  anatomical  arrangement  which  is  afforded  by  the  ejacula- 
tory  ducts  emptying  on  the  prominence  of  the  verumontanum. 
The  prostatic  ducts  open  on  the  floor  of  the  urethra,  thirty  or 
forty  in  number  on  either  side  of  the  urethra.  The  ejaculatory 
ducts  open  in  the  crest  of  the  verumontanum.  Walker  has 
found  by  serial  section  and  by  sticking  fine  objects  into  the 
mouths  of  the  ducts  that  all  the  ducts  converge  toward  the 
verumontanum  and  are  directed  so  as  to  eject  their  secretion 
toward  the  openings  of  the  ejaculatory  ducts.  It  now  becomes 
evident,  according  to  him,  why  we  have  a  projection  here  in  the 
form  of  the  verumontanum,  namely,  to  be  in  a  position  so  that 
the  thirty  to  forty  prostatic  streams  issuing  simultaneously  from 
the  floor,  sides  and  roof  posterior  and  anterior  can  reach  the 
ejection  from  the  ejaculatory  ducts. 

Physiology  of  the  sinus  pocularis.  The  exact  function  of  the 
sinus  pocularis  is  not  known.  That  it  is  more  than  an  embry- 
onic rest  is  evidenced  by  the  activity  of  its  epithelium  and  the 
marked  development  of  the  muscle  walls  surrounding  its  glandu- 
lar content.  It  secrets  a  thin  alkaline  secretion  which  probably 
acts  as  an  adjuvant  to  the  prostatic  secretion  in  fluidifying  the 
semen.  According  to  Walker,  after  castration,  in  the  hog,  the 
cells  atrophy  and  the  muscle  and  elastic  fibers  almost  disap- 
pear. He  therefore  beUeves  that  it  furnishes  a  secretion  which 
is  necessary  for  the  semen.  However,  its  excision  in  no  way  in- 
terferes with  the  fecundity  of  the  semen  as  observed  by  the 
author. 

The  ejaculatory  ducts.  The  ejaculatory  ducts  course  obliquely 
through  the  prostate,  pierce  the  urethra,  ascend  into  the  veru- 
montanum and  open  on  its  surface  in  a  manner  already  described. 
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They  are  separated  from  the  prostate  and  sinus  pocularis  by 
theu*  own  particular  thick  investment,  which  is  composed  of  fi- 
brous tissue  with  a  generous  admixture  of  muscle  fibers.  The 
portion  of  the  ejactulatory  ducts  in  the  verumontanum  and  the 
sinus  pocularis  have  a  common  investment  or  tunic  and  the  ejac- 
ulatory  ducts  are  further  separated  from  the  sinus  pocularis  by 
their  own  particular  tunic.  Porosz  claims  that  the  ejaculatory 
ducts  make  a  bend  in  the  verumontanum  somewhat  like  a  hook 
and  that  in  this  portion  it  has  an  increased  muscular  investment 
which  gives  to  it  sphincteric  action.  This  muscle  he  calls  the 
"sphincter  spermaticus."  Upon  the  tonic  or  atonic  condition 
of  this  muscle  depends,  according  to  him,  the  physiological  and 
pathological  explanation  of  many  of  the  sexual  phenomena. 
The  greater  the  tone  of  the  sphincter  spermaticus,  the  greater 
the  number  of  aggregate  stimuli  are  necessary  before  an  empty- 
ing of  the  seminal  vesicle  contents  takes  place.  If  the  sphincter 
spermaticus  is  atonic,  on  the  other  hand,  very  little  stimulus  is 
necessary  to  cause  relaxation.  From  this  tonic  and  atonic  be- 
havior of  the  sphincter  he  explains  the  different  degrees  of  pleas- 
urable sensation  accompanying  the  sexual  act,  e.g.,  prococious 
ejaculation,  retarded  ejaculation,  spermatorrhoea,  etc.  Felix, 
who  has  made  a  careful  study  of  the  anatomy  of  the  ejaculatory 
duct,  denies  that  the  duct  has  an  internal  circular  arrangement 
of  muscle  fibers  together  with  an  external  arrangement  running 
lengthwise.  According  to  him  the  circular  muscle  fibers  form  a 
complete  ring  only  in  the  region  of  the  seminal  vesicles  and  the 
nearer  we  approach  the  verumontanum  portion  of  the  duct,  the 
more  indefinite  does  its  muscular  tunic  become.  In  my  investi- 
gations, I  did  not  observe  anything  which  would  lead  me  to  ac- 
cept Porosz's  theory.  Furthermore,  if  this  theory  were  correct, 
sexual  disturbances  would  result  following  the  excision  of  the 
verumontanum,  with  its  contained  sphincter  spermaticus,  symp- 
toms which  I  have  never  observed  following  the  radical  removal 
of  the  coUiculus. 

Of  little  interest  has  been  the  question  of  the  possibility  of  the 
ejaculatory  ducts  ever  emptying  into  the  sinus  pocularis,  some 
claiming  it  occurred,   others   denying   the   possibility.     Porosz 
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in  serial  sections  in  three  hundred  cases  and  Lowsley  in  three 
hundred  and  fifty  cases  examined  serially,  never  observed  it 
once.  Mihalkovics,  Henle  and  others  have  claimed  that  it  may 
occur.  That  it  can  occur  is  evidenced  by  the  accompanying 
photograph  (fig.  7).  Full  serial  study  of  this  specimen  shows 
a  bold  entrance  of  one  ejaculatory  duct  into  the  sinus  pocularis. 
This  specimen  is  also  unique  in  that  the  gland  acini  of  the  sinus 
pocularis  do  not  open  by  smaller  and  larger  ducts  into  the  grand 
or  common  duct,  but  they  empty  into  a  number  of  ducts,  which 
open  independently  on  the  surface  of  the  verumontanum.  Fur- 
thermore, there  is  no  evidence  whatever  of  a  common  duct  pres- 
ent in  this  specimen. 

In  one  case  the  sinus  pocularis  instead  of  being  composed  of 
glandular  acini  emptying  by  ducts  into  the  common  duct,  seemed 
to  be  composed  of  long  narrow  duct-Uke  tubules  whose  termina- 
tion did  not  suggest  acini,  but  which  opened  however,  into  the 
common  duct  (fig.  5). 

•SUMMARY 

The  verumontanum  is  an  elevation  formed  by  the  upward  pro- 
jection of  the  sinus  pocularis  carrying  before  it  the  mucous 
membrane  of  the  posterior  urethra. 

The  verumontanum  is  made  up  almost  entirely  of  the  sinus 
pocularis  together  with  the  ejaculatory  ducts  and  occasionally 
a  few  prostatic  ducts. 

It  is  not  a  cavernous  structure,  indeed  the  blood  supply  is  not 
any  greater  than  the  surrounding  tissue,  therefore,  its  function 
cannot  be  of  an  erectile  kind. 

Excision  of  the  verumontanum  does  not  interfere  with  the 
physiology  of  copulation  or  the  fecundity  of  the  semen. 

It  has  been  demonstrated  that  the  ejaculatory  duct  may  open 
into  the  sinus  pocularis. 
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PLATE  1 

Fig.  1.  Cross-section  through  the  center  of  the  verumontanum.  A,  Surface 
mucous  membrane;  B,  pit  formation;  C,  common  duct  opening  on  surface  of 
verumontanum;  D,  gland  acini;  E,  tributary  duct;  F,  wall  or  capsule  of  sinus 
pocularis. 
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PLATE  2 

Fig.  2.  Long  section  through  center  of  verumontanum.  A,  Common  or  grand 
duct,  coursing  obliquely  through  the  sinus  pocularis,  receiving  as  tributaries  the 
smaller  ducts  B.  It  terminates  a  short  distance  below  the  surface  of  the  veru- 
montanum C  B,  smaller  ducts  emptying  into  common  ducts;  D,  sinus  pocularis 
acini;  E,  the  mucous  membrane  is  here  present,  elsewhere  it  is  detached;  C, 
surface  of  the  verumontanum.  Note  what  a  small  amount  of  tissue  remains 
of  the  verumontanum  proper,  if  you  exclude  the  sinus  pocularis  with  its  con- 
tained wall.  F,  Wall  of  sinus  pocularis,  its  continuation  from  the  prostate  and 
its  insensible  blending  with  the  urethra  can  be  traced;  G,  ejaculatory  ducts. 

Extension  of  Line  G,  upward  erroneous,  should  have  been  extended  down- 
ward to  include  acini  like  invaginations  below. 
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PLATE  3 

Fig.  3.  Few  later  sections  showing  the  sinus  pocularis  opening  on  the  surface. 
In  this  specimen  there  is  no  common  duct.  A,  Opening  of  sinus  pocularis  on 
surface  of  verumontanum;  B,  ejaculatory  duct.  Note  the  similarity  between  the 
ejaculatory  duct  and  the  sinus  pocularis  acini.  C,  Prostatic  ducts;  D,  sinus 
pocularis  acini. 
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PLATE  4 

P'lG.  4.  Two  sinus  pocularis  acini.  Showing  their  finer  histology,  namely, 
wall  or  basement  membrane  of  connective  tissue  on  which  are  immediately  ap- 
posed two  or  three  layers  of  simple  cuboidal  epithelium.  A,  Wall  of  acini;  B, 
cuboidal  epithelial  cells;  C,  invagination  process  of  epithelial  cells  broken  loose 
from  the  wall  of  the  acini;  D,  invagination  process  not  detached  from  wall. 

Fig.  5.  Section  showing  cystic  dilation  of  a  sinus  pocularis  acinus.  A,  Acinus 
with  cystic  dilation;  B,  normal  acini;  C,  ducts. 
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PLATE  5 

Fig.  5A.  Cross  section  through  the  sinus  pocularis.  Showing  the  duct-like 
bodies  without  acinous  formation  (see  text).  A,  Duct-like  bodies  sectioned 
lengthwise;  B,  cross-section  of  duct-like  bodies. 
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PLATE  6 

Fig.  6.  Long  section  through  center  of  sinus  pocularis.  A,  Common  duct 
opening  on  surface  of  verumontanum;  B,  acini,  some  simple,  some  showing 
invagination  processes;  C,  wall  of  acinus  which  can  be  traced  like  in  section 
above;  D,  ejaculatory  duct. 
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PLATE  7 

Fig.  7.  Long  section  showing  ejaculatory  duct  coursing  through  the  prostrate 
and  emptying  boldly  into  the  sinus  pocularis.  A,  Ejaculatory  duct;  B,  sinus 
pocularis;  C,  wall  of  sinus  pocularis;  D,  wall  of  ejaculatory  duct;  E,  prostatic 
acini.  Note  the  similarity  between  them  and  the  sinus  pocularis  acini.  F,  Sinus 
pocularis  acini;  G,  prostatic  ducts;  //,  vesical  sphincter  muscle.  In  this  sec- 
tion the  sinus  pocularis  did  not  yet  open  on  the  surface. 
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PLATE  8 
Fig.  8.  Sinus  pocularis  acini  filled  with  corpora  amylacea.    A,  Corpora  amylacea. 
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PLATE  9 


Fig.  9.  Section  of  verumontanum.  Showing  elastic  tissue  form:ition.  Photo- 
graph includes  glandular  portion  of  sinus  pocularis.  Darkened  areas  represent 
elastic  tissue.  Note  how  it  enters  into  the  formation  of  the  acini  and  the  stalks 
of  the  infolding  processes. 
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THE  RATIO  BETWEEN  THE  UREA  CONTENT  OF  THE 
URINE  AND  OF  THE  BLOOD  AFTER  THE  ADMIN- 
ISTRATION OF  LARGE  QUANTITIES  OF  UREA. 

AN  APPROXIMATE  INDEX  OF  THE    QUANTITY    OF    ACTIVELY 
FUNCTIONING  KIDNEY  TISSUE. 

T.  ADDIS 

From  the  Laboratory  of  the  Medical  Division  of  Stanford  University  Medical  School 

San  Francisco 

The  procedures  which  are  at  present  regarded  as  the  most 
accurate  means  to  use  in  determining  the  function  of  the  kidney 
have  their  origin  in  two  fundamentally  divergent  views  as  to 
the  mode  of  action  of  the  normal  kidney.  Schlayer  emphasizes 
the  essential  inconstancy  in  the  rate  of  work  of  the  kidney  even 
under  uniform  conditions,  while  Ambard  believes  that  varia- 
tions in  the  rate  of  excretion  of  urinary  constituents  under  any 
•and  all  conditions  are  in  reaUty  manifestations  of  the  constancy 
of  kidney  action,  since  they  are  exactly  accounted  for  by  al- 
terations in  the  concentration  of  these  constituents  in  the  blood 
and  in  the  urine,  and  do  not  result  from  inconstancy  in  the 
rate  of  work  of  the  kidney  itself. 

The  practical  significance  of  these  views  is  illustrated  in  the 
methods  which  have  grown  from  them.  Schlayer  (1),  believing 
that  at  any  given  time  the  kidney  may  be  working  either  quick- 
ly or  slowly  in  accordance  with  an  unpredictable  factor  which 
he  terms  the  "Reizzustand,"  draws  the  logical  conclusion  that 
no  inferences  as  to  the  total  functional  capacity  of  the  kidney 
can  safely  be  drawn  from  observation  of  the  rate  of  excretion 
of  urinary  constituents.  The  same  kidney  under  the  same 
conditions  may  at  one  time  excrete  much  and  at  another  time 
little.  All  that  can  be  said  is  that  in  the  one  case  it  is  in  a  state 
of  hyperexcitation  and  that  in  the  other  the  excitabiUty  is  de- 
pressed.    It  naturally  follows  that  all  attempts  to  draw  quanti- 
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tative  anatomical  inferences  from  functional  findings  are  il- 
lusory, and  should  be  abandoned.  It  is  true  he  finds  that  cer- 
tain interrelationships  between  the  rates  of  excretion  of  sodium 
chloride  and  water  are  characteristic  of  changes  beyond  the 
normal  range  of  variation  in  the  relative  excitability  of  the 
"vascular"  and  tubular  parts  of  the  kidney,  and  that  where  the 
"vascular"  apparatus  is  involved  there  is  a  decrease  in  the 
rate  of  excretion  of  lactose,  and  a  decrease  in  KI  excretion  when 
the  tubules  are  deficient,  but  he  expressly  states  that  at  most 
only  qualitative  deductions  can  be  drawn  as  to  the  presence 
or  preponderance  of  one  or  the  other  type  of  lesion.  It  is  not 
possible  from  such  functional  studies  to  determine  how  much 
of  the  kidney  has  been  involved  or  destroyed  by  disease. 

Ambard  (2)  on  the  other  hand,  holding  that  normally  there 
is  no  variation  in  the  rate  of  excretion  apart  from  changes  in 
the  concentration  existing  on  either  side  of  the  kidney  cells, 
states  that  any  departure  from  the  rate  of  excretion  which 
should  according  to  his  formula  result  from  these  determinable 
concentrations,  is  indicative  of  functional  disorder.  Although 
he  does  not  draw  exact  quantitative  anatomical  inferences 
from  the  degree  of  change  in  his  coefficient,  there  is  no  logical- 
reason  why  this  should  not  be  done  if  the  premises  on  which 
the  formula  is  based  are  sound. 

These  views  are  so  important  and  yet  so  divergent  that  some 
years  ago  we  started  a  reinvestigation  of  the  mode  of  action 
of  the  normal  kidney. 

Schlayer  was  considerably  embarrassed  in  his  work  by  the 
fact  that  the  test-substances  he  chose — chlorides  and  water — 
are  markedly  subject  to  extra-renal  influences.  He  admits 
that  part  of  the  variability  in  his  twenty-four-hour  rates  of 
excretion  may  arise  not  from  any  difference  in  the  excitability 
of  the  kidney  cells,  but  from  inequalities  in  the  amounts  of 
chlorides  and  water  brought  to  these  cells  for  excretion.  As 
a  matter  of  fact,  we  have  knowledge  of  extra-renal  factors  which 
make  it  seem  improbable  that  any  considerable  degree  of  uni- 
formity in  the  rate  of  delivery  of  chlorides  and  water  to  the  kid- 
ney is  likely  to  be  achieved  even  though  the  intake  in  the  diet  is 
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constant.  For  neither  chlorides  nor  water  can  be  regarded  as 
simply  waste  products  which  the  economy  of  the  body  strives 
only  to  rid  itself  of.  They  both  play  an  important  part  in 
physical  and  chemical  metaboUsm  and  in  particular  are  subject 
to  regulation  by  the  mechanism  whereby  osmotic  equilibrium 
is  maintained  in  the  body.  Furthermore,  both  of  them  have 
other  sources  of  excretion;  wat^r  through  the  lungs,  intestines 
and  skin;  and  chlorides  into  the  stomach.  And  it  must  be  re- 
membered that  though  the  ultimato  discharge  of  water  and 
chlorides  from  the  gastro-intestinal  tract  is  relatively  small  and 
uniform,  the  temporary  excretions  into  the  stomach  and  in- 
testine are  very  large  and  not  susceptible  of  measurement. 
Thus,  though  only  100  or  200  cc.  of  water  are  found  in  the  stools 
it  has  been  calculated  that  the  volume  excreted  into  the  aU- 
mentary  tract  with  secretion  from  the  stomach,  hver,  pancreas, 
and  intestine  at  various  times  during  a  twenty-four-hour  period 
approximates  4000  cc.  The  total  quantity  of  chlorides  secreted 
into  the  stomach  is  also  large,  and  the  rate  of  secretion  is  vari- 
able at  different  periods  throughout  the  twenty-four  hours. 

The  objections  we  have  mentioned  to  the  use  of  water  or  of 
chlorides  for  the  purpose  of  measuring  the  variabiUty  of  kidney 
action  do  not  apply  to  some  other  urinary  constituents,  such 
as  uric  acid  or  amino-acids,  but  on  the  other  hand  they  have 
disadvantages  of  their  o^ti,  for  they  are  not  true  end-products. 
There  is  still  a  question  as  to  whether  uric  acid  may  not  in 
part  be  decomposed  within  the  body  and  amino-acids  may  be 
retaiaed  for  synthesis  or  may  be  deamidized. 

The  ideal  test-substance  would  be  a  urinary  constituent 
which  was  a  true  end-product  in  that  it  was  incapable  of  chemi- 
cal alteration  within  the  body,  one  which  subserved  no  physical 
function,  so  that  its  concentration  in  the  blood  would  not  be 
limited  by  any  of  its  physical  properties,  and  one  whose  only 
path  of  excretion  was  through  the  kidneys.  Finally  it  should  be 
possible  at  will  to  produce  marked  and  uniform  increases  in 
the  concentration  of  this  substance  in  the  blood  suppUed  to  the 
kidneys. 

To  a  quite  remarkable  degree,  urea  fulfills  these  requirements. 
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There  is  no  agency  within  the  tissues  which  can  either  break 
it  down  or  use  if  for  synthesis.'  It  is  present  in  all  the  tissues 
in  concentrations  which  are  substantially  the  same  and  which 
seem  to  depend  only  on  the  amount  of  urea  solvents  they  con- 
tain (7). 

Another  very  important  property  of  urea  from  the  point  of 
view  of  its  use  as  a  substance  for  testing  the  work  of  the  kid- 
ney, is  the  possibility  of  producing  very  marked  increases  in 
the  urea  concentration  of  the  blood  and  tissues  without  dis- 
turbing any  essential  physical  equilibriima  of  the  body.  Thus 
we  have  frequently  induced  in  healthy  individuals  concentra- 
tions five  or  six  times  greater  than  the  normal,  a  degree  of  in- 
crease which  would  be  impossible  with  water  or  chlorides  be- 
cause of  the  disturbance  of  the  osmotic  balance  which  such 
concentrations  would  entail.  Urea  apparently  does  not  give 
rise  to  any  appreciable  degree  of  osmotic  pressure,  because 
there  are  no  barriers  to  its  free  diffusion  through  the  whole 
organism.  When  urea  enters  the  stomach,  it  begins  to  pass 
as  once  through  the  stomach  wall  and  in  a  remarkably  short 
time  has  become  evenly  distributed  through  all  the  tissues  in 
accordance  with  their  water  content.  This  equality  of  con- 
centration is  confined  not  only  to  the  tissues,  but  also  to  their 
secretions.  The  bile  (7),  and  the  milk  (8),  have  a  urea  con- 
centration similar  to  that  of  the  blood.  No  observations,  so 
far  as  we  know,  have  yet  been  made  on  the  urea  content  of  the 
secretions  of  the  stomcah  or  pancreas,  but  we  have  not  any 
reason  to  believe  that  they  are  exceptions.  Herter  (9)  has 
shown  that  during  the  intravenous  injection  of  urea  in  dogs, 

1  Grafe  (3)  believes  that  during  protein  starvation  administered  urea  may  be 
used  to  a  small  extent  within  the  body,  but  the  work  of  Henriques  and  Andersen 
(4)  has  shown  that  these  results  may  be  ascribed  to  the  retention  of  nitrogen  of 
bacterial  origin  from  the  intestines,  or  to  simple  retention  of  unaltered  urea. 
Abderhalden  (5)  has  confirmed  this  and  has  further  demonstrated  that  the  ad- 
ministration of  large  quantities  of  urea  has  no  effect  on  protein  metabolism. 
Barnett  and  Addis  (6)  found  an  increase  in  the  ammonia  content  of  the  blood 
after  intravenous  injection  of  large  quantities  of  urea  in  rabbits  in  whom  the 
circulation  of  blood  through  the  alimentary  tract  had  been  occluded.  These 
results  are  however  susceptible  of  interpretation  otherwise  than  by  the  splitting 
of  urea  within  the  body. 
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no  urea  enters  the  intestine  until  the  blood  concentration  of 
urea  has  risen  to  about  0.2  per  cent.  Even  then  the  concen- 
tration of  urea  found  in  the  intestinal  contents  does  not  exceed 
0.1  per  cent  and  is  usually  much  less.  We  therefore  have  some 
direct  as  well  as  indirect  evidence  that  the  kidney  is  the  only 
path  by  which  any  active  excretion  of  urea  takes  place. 

Urea  has  a  still  further  advantage  over  other  substances  which 
have  been  used  to  test  the  functional  capacity  of  the  kidneys, 
in  the  fact  that  we  know  exactly  what  part  of  the  kidney  is 
directly  involved  in  concentrating  the  urea  from  the  blood. 
Leschke's  (10)  micro-chemical  studies,  which  have  been  con- 
firmed by  OUver  (11),  leave  no  room  for  doubt  that  it  is  only 
within  the  cells  of  the  proximal  convoluted  tubules  that  this 
concentration  occurs. 

There  is  thus  a  divergence  in  the  physiological  functions  and 
physical  properties  of  water  and  chlorides  on  the  one  hand  and 
in  urea  on  the  other.  Water  plays  a  part  in  most  of  the  chemi- 
cal reactions  occurring  in  the  body,  while  urea  once  formed  is 
chemically  indifferent.  Both  water  and  chlorides  are  held 
within  narrow  limits  of  concentration  by  the  mechanism  which 
maintains  a  constant  osmotic  pressure,  while  urea  can  vary  in 
concentration  to  an  extent  which  is  determined  only  by  the 
balance  between  the  rate  of  entry  of  urea  into  the  body  and 
the  rate  of  its  elimination  from  the  body  by  the  kidneys. 
Water  and  chlorides  have  other  channels  of  temporary  or  per- 
manent excretion  than  the  kidneys,  while  urea  is  actively  ex- 
creted by  this  path  only. 

These  properties,  or  rather  want  of  properties,  of  urea  as 
opposed  to  other  urinary  constituents,  are  all  such  as  to  make 
it  easier  to  attain  that  relative  imiformity  in  rate  of  delivery  to 
the  kidney  which  is  essential  if  its  twenty-four-hour  rate  of 
excretion  is  to  be  used  as  a  measure  of  the  variabiUty  of  kidney 
fimction. 

Many  of  these  special  advantages  of  urea  have  been  known  for 
a  long  time,  but  they  have  not  been  taken  advantage  of  because 
of  the  complexity  of  the  methods  required  for  the  accurate 
determination  of  urea  in  the  urine  and  blood.     Neither  the 
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hypobromite  method  of  urea  estimation,  nor  the  indirect  method 
of  total  nitrogen  estimations,  can  give  sufficiently  accurate  re- 
sults for  the  determination  of  the  degree  of  variation  in  the 
rate  of  excretion  of  urea.  It  was  not  until  the  appearance  of 
Marshall's  application  of  the  urease  method  to  urea  determina- 
tions in  urine  and  blood,  that  it  was  feasible  to  carry  out  the 
large  number  of  estimations  which  are  necessary  in  order  satis- 
factorily to  determine  such  a  question. 

The  quantities  of  urea  excreted  by  a  series  of  normal  indi- 
viduals on  the  same  diet  are  not  indentical.  The  differences 
presumably  arise  because  in  some  protein  catabolism  exceeds 
anabohsm,  so  that  most  of  the  amino-acids  derived  from  the 
disintegration  of  food  and  tissue  protein  are  deaminized  with 
the  consequent  formation  of  relatively  greater  amounts  of  urea, 
while  in  others  a  greater  proportion  of  these  amino-acids  are 
used  in  synthesis,  so  that  smaller  amounts  of  urea  are  formed. 
The  variations  in  the  rate  of  urea  excretion  arising  from  this 
cause  were  eliminated  by  dividing  the  experiments  into  two 
periods,  a  fore-period  in  which  the  average  amount  of  urea 
formed  from  the  constant  quantity  of  protein  in  the  diet  and 
from  the  tissues  of  each  subject  was  determined,  and  an  experi- 
mental period  in  which  20  or  40  grams  of  urea  were  ingested  at 
the  commencement  of  each  day.  The  urea  excreted  during  the 
foreperiod  subtracted  from  the  urea  excreted  after  urea  had 
been  taken  gave  the  rate  at  which  the  administered  urea  was 
eliminated. 

This  statement  would  be  correct  only  if  the  amount  of  urea 
derived  from  food  and  tissue  protein  remained  the  same  in 
each  individual  during  both  the  fore-period  and  the  experimental 
period.  Any  such  assumption  would  be  unwarranted.  We 
know  that  there  are  not  only  differences  in  the  level  of  protein 
catabolism  in  different  individuals,  there  are  also  variations  in 
the  metabolism  of  the  same  individual  from  day  to  day.  The 
differences  in  the  rates  of  excretion  of  administered  urea  might 
then  be  due  in  part  or  altogether  not  to  variations  in  kidney 
activity  but  to  changes  in  individual  metabohsm.  This  cause 
of  variation  in  rate  of  excretion  was  eliminated  by  comparing 
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the  degree  of  variability  in  two  groups  of  individuals,  one  of 
whom  took  no  lu-ea  and  the  other  20  or  40  grams  of  urea.  The 
urea  of  the  fore-period  was  subtracted  from  the  urea  of  the 
experimental  period,  and  the  average  deviation  from  the  mean 
was  determined  for  each  group.  If  the  variability  thus  meas- 
ured should  be  as  great  in  those  who  took  no  urea  as  in  those 
who  took  urea,  it  is  evident  that  the  variabihty  may  be  ascribed 
to  the  same  cause  in  both  groups — ^variation  in  metaboHsm  in 
the  same  individual,  from  day  to  day — and  that  we  could  say 
that  a  high  degree  of  uniformity  in  the  rate  of  excretion  of  the 
administered  urea  must  have  been  present  since  any  differences 
which  may  actually  have  occurred,  were  not  sufficient  to  in- 
crease appreciably  the  variabihty  of  the  urea  group.  The 
average  deviations  for  the  average  twenty-four  hours  of  the 
experimental  period  were  1.41  grams  urea  in  those  who  took  no 
urea,  1.40  grams  in  those  who  took  20  grams  of  urea,  and  1.43 
grams  in  those  who  took  40  grams  of  urea.  We  therefore  con- 
cluded that  under  these  conditions  there  was  no  evidence  of 
any  inconstancy  in  the  rate  of  work  of  the  kidney.  The  reac- 
tion of  the  kidney  to  a  constant  stimulus  is  constant.  Normal 
renal  function  measured  over  periods  of  twenty-four  hours  is 
not  characterized  by  the  intrinsic  tendency  towards  variation 
described  by  Schlayer,  but  is  uniform  under  uniform  conditions 

(12). 

This  conclusion  is  identical  with  that  at  which  Ambard  arrived 
except  that  his  observations  extended  over  periods  of  about 
one  hour  instead  of  twenty-four.  He  excluded  one  important 
extrarenal  cause  of  variation  in  rate  of  excretion — changes  in 
the  amount  of  the  substance  to  be  excreted  brought  to  the 
kidney — ^by  determining  the  concentration  of  this  substance  in 
the  blood  during  the  period  over  which  the  rate  of  excretion 
was  measured.  In  the  case  of  urea  he  found  in  individuals 
who  happened  to  have  the  same  concentration  of  urea  in  their 
urines,  that  the  rates  of  excretion  were  proportional  to  the 
square  of  the  bood  urea  concentrations,  while  in  those  in  whom 
the  blood  concentrations  were  the  same,  the  rates  were  inversely 
proportional   to  the  square  root  of  the  concentration  of  urea 
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in  the  urines.  Uniting  these  mathematical  expressions  in  one 
formula,  he  obtained  a  constant  from  which  the  rate  of  urea 
excretion  could  be  predicted  in  any  normal  individual  from  the 
concentration  of  urea  found  in  his  blood  and  urine. 

The  laws  of  urea  excretion  on  which  Ambard's  formula  is 
based  can  only  be  verified  after  a  considerable  series  of  obser- 
vations have  been  collected.  For  from  this  series  only  those 
instances  can  be  taken  in  which  either  the  blood  or  urine  con- 
centrations are  alike.  On  reviewing  our  data,  which  had  been 
collected  over  several  years,  we  found  271  instances  to  which 
one  or  other  of  the  two  laws  were  applicable.  Neither  of  them 
were  verified,  on  the  contrary  there  was  very  positive  evidence 
not  only  that  they  were  incorrect,  but  also  that  no  mathemat- 
ical formula  could  be  constructed  which  would  allow  of  even  a 
rough  prediction  of  the  rate  of  urea  excretion  to  be  expected  from 
any  observed  concentration  of  urea  in  the  blood  or  urine  (13). 
In  the  formulation  of  these  laws,  Ambard  was  undoubtedly 
misled  by  a  chance  agreement  of  the  few  observations  on  which 
he  depended. 

Although  it  was  thus  shown  that  the  hourly  rate  of  urea  excre- 
tion by  the  normal  kidney  was  not  governed  only  by  the  urea 
concentration  of  the  fluids  on  either  side  of  the  urea  secreting 
cells,  there  remained  the  question  of  the  degree  to  which  it  was 
influenced  by  these  factors. 

In  order  to  determine  the  effect  of  changes  in  blood  urea 
concentration,  all  the  observations  were  plotted  on  a  scale  in 
which  the  abscissa  represented  blood  urea  concentrations  and 
the  ordinate  hourly  rates  of  urea  excretion!  It  was  found  (14) 
that  a  curve  could  be  drawn  through  these  points  which  indi- 
cated that  the  blood  urea  concentration  had  a  marked  effect 
on  the  rate  of  urea  excretion.  When  there  was  20  mgm.  urea 
per  100  cc.  of  bood  the  average  hourly  rate  was  0.4  grams,  with 
40  mgm.  1.1  grams,  with  80  mgm.  3.2  grams  and  with  120  mgm. 
5.3  grams.  But  the  observations  showed  a  very  considerable 
degree  of  scattering  above  and  below  this  curve,  so  that  at  any 
given  blood  concentration  there  were  wide  differences  in  the 
recorded  rates.     For  instance  at  a  concentration  of  40  mgm. 
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of  urea  per  100  cc.  of  blood  the  chart  records  rates  ranging  from 
0.6  to  2.29  grams  of  urea  per  hour.  It  is  evident  therefore  that 
the  effect  of  changes  in  bood  urea  concentration  only  becomes 
clearly  apparent  when  an  average  of  a  number  of  instances  are 
taken.  In  any  indi\-idual  case  the  effect  may  be  counterbal- 
anced by  other  factors. 

The  conception  that  these  variations  in  the  rate  of  urea  ex- 
cretion occurring  even  when  the  blood  urea  concentration  is 
constant,  may  be  due  to  differences  in  the  urea  concentration 
of  the  urine,  is  one  which  from  a  purely  theoretical  point  of 
view  has  much  in  its  favor.  For  if  the  concentration  of  urea 
in  the  blood  on  one  side  of  the  kidney  cell  has,  as  we  have  shown, 
a  pronounced  effect  on  the  rate,  it  sees  likely  that  the  concen- 
tration of  urea  on  the  other  side  of  the  cell,  that  is  in  the  urine 
within  the  lumen  of  the  tubules,  should  also  have  some  effect. 
It  might  be  expected  that  the  diffusion  of  urea  from  the  cell  to 
the  urine  would  be  retarded  when  the  urine  concentration  was 
high,  and  hastened  when  it  was  low.  But  this  hypothesis  is 
not  supported  by  the  facts  (15).  The  rate  of  urea  excretion  is 
independent  of  the  concentration  of  urea  in  the  urine,  and  there 
is  no  e\ddence  at  all  that  any  direct  relation  exists  between 
them.  If  there  had  been,  we  should  have  been  able  to  detect 
a  general  tendency  towards  high  urine  concentration  in  those 
cases  in  which  the  rate  of  excretion  was  less  than  the  average 
found  at  any  given  blood  concentration,  and  that  a  low  concen- 
tration generally  accompanied  an  unusually  fapid  rate  of  excre- 
tion. No  such  general  tendency  however  was  demonstrable. 
This  after  all  is  only  what  might  have  been  expected  if  a  broad 
view  is  taken  of  the  function  of  the  kidney  in  relation  to  the 
needs  of  the  organism  as  a  whole.  For  if  the  rate  of  excretion 
of  urinary  constituents  were  to  rise  and  fall  in  accordance  with 
the  volume  of  water  available  for  excretion,  we  should  even 
under  ordinary  conditions  of  Ufe  be  slibject  to  a  variation  in 
kidney  action  which  bore  no  necessary  relation  to  the  metabolic 
requirements  of  the  body.  It  is  not  to  be  wondered  at  that 
kidney  acti\dty  is  not  subject  to  the  physical  laws  of  diffusion 
or  osmosis  nor  even  in  all  probabiUty  of  surface  tension  or  ad- 
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sorption.  The  phenomena  of  life  are  characterized  by  a  con- 
tinual annulment  and  overruling  of  the  physical  laws  which  inert 
material  obeys.  The  increase  in  the  rate  of  excretion  of  urea 
which  accompanies  an  increase  in  blood  urea  concentration, 
although  it  is  in  general  what  might  be  expected  on  physical 
grounds,  yet  in  detail  cannot  be  even  approximately  so  ex- 
plained, while  in  the  absence  of  a  relation  between  the  rate  of 
excretion  and  concentration  in  the  urine,  we  have  an  example 
of  the  manifestation  of  a  force  which  acts  in  direct  opposition 
to  physical  laws.  Of  the  nature  of  this  force  we  of  course  know 
nothing.  All  that  we  can  say  is  that  it  acts  for  the  good  of  the 
organism  as  a  whole.  It  prevents  any  marked  accumulation  of 
urea  in  the  body  by  increasing  its  rate  of  work  when  the  blood 
urea  concentration  rises,  and  it  does  not  allow  variation  in  water 
excretion  to  interfere  with  this  work. 

Though  we  may  speak  of  a  regulation  of  the  urea  content 
of  the  tissues  and  of  the  blood  by  the  kidneys,  there  is  no  such 
close  regulation  as  is  maintained  in  regard  to  other  substances 
such  as  for  instance  the  H  ion  concentration  or  even  the  con- 
centration of  chlorides.  We  found  variations  of  from  24  to  60 
mgm.  of  urea  per  100  cc.  in  the  blood  of  normal  individuals 
even  though  the  blood  was  taken  in  the  morning  before  food  (16). 
One  individual  on  whom  50  estimations  were  made  under  these 
conditions  showed  variations  of  from  25  to  60  mgm.  In  a  group 
of  28  subjects  on  a  constant  diet  the  blood  urea  content  taken 
on  the  third  day  of  the  diet  varied  from  16  to  44  mgm.  These 
changes  were  noted  in  subjects  who  had  taken  no  urea. 

It  would  seem  then  that  within  these  limits  the  urea  con- 
tent of  the  blood  is  a  matter  of  comparative  indifference  to  the 
body.  This  no  doubt  arises  from  the  fact  that  urea  subserves 
no  function  and  is  foreign  to  the  body.  We  have  evidence  that 
these  variations  in  blood  urea  concentration  parallel  changes  in 
the  rate  of  protein  catabolism,  rising  and  falling  with  them. 
But  this  is  certainly  not  their  only  cause.  They  may  also  re- 
sult from  changes  in  the  activity  of  the  kidney.  During  sleep 
the  kidney  is  less  active  as  regards  urea  excretion  and  the  blood 
concentration  tends  to  rise.    There  are  also  states  of  kidney 
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inactivity  which  may  be  induced  by  the  absence  of  food  and 
w^ater.  These  variations  in  activity  are  of  course  not  intrinsic 
in  origin,  but  arise  from  the  action  of  other  factors  than  the 
urea  concentration  of  the  blood.  The  marked  effect  of  these 
other  factors  is  illustrated  in  the  wide  variation  in  the  rates  of 
urea  excretion  which  were  noted  in  the  same  individual  when 
the  blood  urea  concentration  was  constant. 

The  facts  determined  by  this  study  were,  then,  that  the  rate 
of  urea  excretion  was  independent  of  the  concentration  of  urea 
in  the  urine,  and  that  a  relation  existed  between  the  rate  of 
urea  excretion  and  the  blood  urea  concentration.  This  however 
was  only  a  general  relationship  within  which  a  wide  variability 
was  found.  It  should  be  stated  that  this  variabiUty  was  not  con- 
fined to  experiments  in  which  the  conditions  as  regards  food 
and  water  intake,  time  of  day,  etc.  were  different.  We  found  a 
marked  variability  in  those  subjects  who  were  on  a  constant 
diet,  and  in  whom  there  was  no  demonstrable  inconstancy  in 
the  twenty-four  hour's  rate  at  which  they  excreted  administered 
urea.  The  same  kidneys  were  at  the  same  time  both  variable 
and  constant  in  their  mode  of  work. 

This  apparent  contradiction  arises  from  the  difference  in  the 
length  of  time  of  the  periods  during  which  the  rate  of  excretion 
was  measmred.  Over  twenty-four-hour  periods  the  output  of  the 
kidney  is  found  to  be  constant.  But  when  the  output  for  each 
hour  of  the  twenty-four  is  measured,  considerable  variabihty  is 
found.  There  are  retarding  and  accelerating  factors  which  alter 
the  rate  over  short  time  periods,  but  leave  it  unaffected  over 
longer  periods  because  they  counterbalance  one  another.  If 
during  one  hour  the  rate  is  imusually  slow,  it  will  be  more  than 
ordinarily  rapid  during  a  later  hour,  so  that  the  total  twenty- 
four  hours  excretion  will  remain  the  same.  The  variation  in  the 
hourly  rate  of  excretion  in  indi\dduals  who  have  the  same  blood 
urea  concentration  are  due  to  the  action  of  these  temporary  and 
balancing  phases  of  excitation  and  of  depression  in  kidney 
acitvity. 

These  observations  have  a  direct  bearing  on  the  question  of 
what  methods  are  best  adapted  to  measure  the  functional  capac- 
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ity  of  the  kidney.  The  failure  to  find  any  variability  in  the 
twenty-four-hours  rate  of  excretion  of  administered  urea  in  in- 
dividuals free  from  kidney  disease  is  significant  since  it  raises  the 
hope  that  variation  from  the  normal  rate  of  excretion  may  be  a 
measure  of  the  degree  of  functional  and  anatomical  abnormality. 
But  the  conditions  under  which  this  normal  constancy  of  func- 
tion were  observed  are  of  still  greater  significance.  It  was  seen 
in  connection  with  the  twenty-four  hour  rate  of  excretion  of  a 
substance  which  is  essentially  foreign  to  the  body.  It  was  ob- 
served in  subjects  who  had  all  taken  the  same  amounts  of  pro- 
tein, salts  and  water.  It  was  obtained  under  conditions  involv- 
ing an  unusual  strain  on  the  capacity  of  the  kidneys.  Reasons 
for  the  special  importance  of  the  last  point  will  be  given  later  in 
the  paper,  but  it  may  be  said  now  that  under  such  conditions, 
where  the  kidney  is  wakened  to  full  activity  under  the  influence 
of  strain, 2  and  where  dietary  factors  are  the  same,  the  blood 
urea  concentration  tends  to  be  constant  except  for  such  varia- 
tions as  arise  from  differences  in  protein  metabolism.  The 
effect  of  these  variations  on  the  amounts  of  urea  excreted  are 
measured  during  the  fore  period  and  in  the  main  excluded  by 
subtracting  the  average  of  the  fore-period  from  the  urea  excreted 
in  the  experimental  period.  In  effect  therefore  the  result  may  be 
regarded  as  a  measurement  of  the  ratio  between  the  urea  content 
of  the  urine  and  of  the  blood,  under  conditions  in  which  the 
blood  concentration  remains  the  same. 

We  have  data  on  the  mode  of  reaction  of  individuals  suffering 
from  disease  of  the  kidneys  under  the  above  conditions,  which 
we  hope  later  to  report  in  detail.  There  is  one  observation  in 
this  connection  which  may  be  cited  now,  since  it  illustrates  a 

2  The  more  work  the  kidney  is  called  on  to  perform,  the  less  subject  does  it 
become  to  temporary  fluctuations  in  rate  of  work.  It  should  be  noted,  and  this 
is  a  point  we  did  not  appreciate  at  the  time  the  work  was  done,  that  this  fact 
makes  it  impossible  to  conclude  that  any  absolute  constancy  in  the  rate  of  ex- 
cretion of  administered  urea  was  present  in  our  experiments.  For  the  urea 
group  were  under  strain  and  might  be  expected  to  show  somewhat  less  varia- 
bility than  the  non-urea  group.  There  may  therefore  have  been  some  varia- 
bility in  the  rate  of  excretion  of  the  added  urea,  though  the  figures  show  that 
ifpresent  it  could  only  have  been  of  slight  degree. 
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fact  which  is  appHcable  to  all  methods  of  testing  kidney  func- 
tion. We  cannot  by  any  strain  within  the  bounds  of  practica- 
bility attain  to  a  measure  of  the  absolute  maximum  of  the  rate 
of  excretion  of  any  urinary  constituent.  All  we  can  do  is  to 
determine  the  maximum  rate  in  relation  to  a  given  concentration 
of  the  substance  in  question  in  the  blood.  If  the  concentration 
in  the  blood  is  increased  still  further,  the  rate  of  excretion  will 
also  increase,  until  the  highest  concentration  compatible  with 
life  is  attained.  This  was  demonstrated  by  Herter  when  he 
showed  that  the  rate  of  urea  excretion  in  dogs  increased  up  to 
the  point  where  the  animals  died  in  con\'ulsions  because  of  the 
enormous  quantities  of  urea  injected.  But  it  is  not  so  e\'ident 
that  this  would  be  the  case  in  diseased  kidneys.  We  might 
suppose  that  damaged  kidneys  would  grow  tired  so  that  they 
would  not  longer  respond  by  increased  work  to  an  increased 
load.  But  our  experience  shows  that  what  is  true  of  normal 
kidneys  is  true  also  of  those  which  are  diseased.  As  an  example 
we  may  cite  a  case  of  subacute  diffuse  glomerular  nephritis. 
The  average  normal  twenty-four  hours  rate  of  excretion  of  ad- 
ministered urea  following  three  doses  of  20  grams  given  on  con- 
secutive days  is  16.6,  18.7,  and  18.9  grams.  This  patient  how- 
ever excreted  only  6  grams  after  the  first  dose  of  urea  thus  retaining 
14  grams,  so  that  when  20  grams  was  taken  again  at  the  begin- 
ning of  the  second  day,  his  kidneys  were  called  on  to  excrete  34 
grams.  He  responded  to  the  call  for  increased  work  and 
eliminated  14.9  grams.  On  the  third  day  his  rate  of  excretion 
rose  still  higher  to  18.9  grams.  Thus  the  apparently  paradoxi- 
cal circumstance  may  be  met  w4th  in  which  a  patient  with  se- 
verely damaged  kidneys  is  excreting  greater  quantities  of  urea 
than  is  an  normal  individual.  The  characteristic  of  the  dis- 
eased kidney  is  not  its  incapacity  to  excrete  large  amounts  of 
urea,  but  its  incapacity  to  excrete  as  much  urea  as  the  normal 
kidney  does  in  relation  to  the  urea  content  of  the  blood.  The 
diseased  kidney  ^^^ll  only  excrete  as  much  urea  as  the  normal 
after  it  has  failed  to  eliminate  the  urea  as  quickly  as  the  nor- 
mal, and  has  thus  increased  the  amount  of  work  which  it  is 
called  on  to  perform  through  its  own  incapacity.     In  the  par- 
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ticular  test  we  are  discussing,  the  essential  point  is  the  time 
which  the  kidney  takes  to  respond  to  the  extra  load  thrown  on 
it  by  the  ingested  urea.  A  low  rate  of  excretion  during  the 
first  few  hours  after  urea  administration  is  the  special  charac- 
teristic of  decreased  functional  capacity. 

Any  method  of  testing  functional  capacity  which  involves 
the  necessity  for  a  constancy  in  diet  has  only  a  limited  applica- 
bility in  clinical  work.  The  constant  diet  however  is  necessary 
in  order  that  variations  in  blood  concentration  due  to  differences 
in  rate  of  protein  metabolism  may  be  eliminated.  The  method 
used  by  Ambard  of  determining  the  blood  concentration  during 
the  period  over  which  the  rate  is  measured  is  a  more  direct 
and  accurate  method  of  accomplishing  this  end.  But  these 
periods  must  be  short,  otherwise  the  observed  blood  concentra- 
tion will  not  be  representative  of  the  average  concentration 
throughout  the  whole  period.  And  as  we  have  shown  when 
these  short  periods  are  taken,  we  may  have  marked  fluctuations 
in  the  rate  due  to  the  action  of  other  factors  than  blood  con- 
centration. If  however,  conditions  were  found  under  which 
these  other  factors  remained  constant,  the  method  would  be  an 
accurate  and  simple  means  of  measuring  kidney  function.  This 
problem  resolves  itself  into  a  study  of  those  conditions  other 
than  blood  urea  concentration  which  may  influence  the  rate  of 
urea  excretion.  The  blood  concentration  has  a  marked  influ- 
ence, but  it  is  one  which  can  be  measured  and  eliminated.  This 
may  be  most  simply  done  by  dividing  the  hourly  rate  by  the 
amount  of  urea  found  in  100  cc.  of  blood. 

This  ratio  is  not  a  mathematical  abstraction.  It  gives  the 
number  of  times  by  which  the  urea  in  one  hour's  urine  exceeds 
the  urea  content  of  100  cc.  of  the  blood  supplied  to  the  kidney. 
It  expresses  the  relation  between  the  amount  of  work  accom- 
plished by  the  kidney  and  the  most  important  measure  of  the 
amount  of  work  the  kidney  was  called  on  to  perform.  The 
question  then  is  what  are  the  factors  which  may  influence  this 
ratio. 

On  theoretical  grounds  it  might  be  supposed  that  the  ratio 
would  vary  with  the  amount  of  blood  passing  through  the  kid- 
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neys.  Two  kidneys  might  be  supplied  with  blood  which  con- 
tained the  same  amount  of  urea  per  100  cc,  but  if  20,000  cc.  of 
blood  passed  through  one  kidney  in  the  hour  and  only  10,000 
cc.  through  the  other,  the  total  amount  of  urea  which  might 
have  been  excreted  would  be  twice  as  great  in  the  one  case  as 
in  the  other,  and  one  ratio  might  be  double  the  other.  We 
have  attempted  to  estimate  the  effect  on  the  ratio  of  changes 
in  the  rate  or  flow  of  blood  through  the  kidney  and  though 
for  various  reasons  we  have  not  succeeded  in  obtaining  generally 
appUcable  results,  we  have  evidence  which  favors  the  view 
that  variations  in  the  amount  of  blood  passing  through  the  kid- 
ney when  that  amount  exceeds  a  certain  minimum,  have  httle 
effect  on  the  ratio.  If  the  kidney  removed  all  the  urea  from  the, 
blood  brought  to  it,  the  ratio  would  of  course  vary  directly  with] 
the  rate  of  flow.  But  we  found  on  comparing  the  urea  content 
of  the  renal  vein  and  artery,  that  the  decrease  in  the  vein  was 
only  slight  (17).  We  never  found  a  greater  difference  than  12 
mgm.  per  100  cc,  and  in  most  cases  the  decrease  represented 
only  a  small  percentage  of  the  urea  present.  The  kidney  is 
suppUed  with  much  more  urea  than  it  excretes  and  therefore  it 
does  not  follow  that  a  further  increase  in  the  supply  will  be  fol- 
lowed by  any  increase  in  the  output.  On  the  other  hand  cir- 
cumstances certainly  arise  in  which  the  rate  of  blood  flow  has  a 
very  marked  effect  on  the  ratio.  We  have  repeatedly  noted 
that  any  handling  of  the  renal  artery  is  apt  to  be  followed  by  a 
visible  constriction  of  the  vessel  and  that  at  the  same  time  the 
secretion  of  urine  stops,  and  the  ratio  falls  to  zero.  This  effect 
may  however  be  interpreted  as  indirect.  In  order  to  carry  out 
the  enormous  amount  of  work  entailed  in  the  separation  of 
the  urinary  constitutents  from  the  blood,  a  very  large  supply  of 
oxygen  and  fuel  is  required.  When  this  supply  becomes  defect- 
ive, secretion  automatically  ceases.  But  here  again  variations 
in  the  supply  of  oxygen  so  long  as  it  is  above  a  certain  minimum, 
do  not  appear  to  have  any  appreciable  effect  on  the  ratio.  Thus 
we  have  found  when  the  haemoglobin  content  of  the  blood  is 
experimentally  reduced  by  repeated  haemorrhage,  that  a  definite 
effect  on  the  ratio  is  only  produced  when  the  degree  of  reduction 
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is  very  marked.  We  think  it  probable  therefore  that  variations 
in  the  amount  of  blood  supplied  to  the  kidneys  do  not  under 
physiological  conditions  markedly  influence  the  ratio.  Instead 
of  the  blood  supply  ruling  the  work  of  the  kidney,  the  evidence 
rather  goes  to  show  that  the  work  of  the  kidney  is  largely  inde- 
pendent of  variations  in  blood  supply.  Such  variations  in  kid- 
ney blood  supply  as  may  passively  follow  from  alterations  of 
the  distribution  of  blood  to  other  parts  of  the  body  would  there- 
fore be  possible  without  any  interference  with  the  work  of  the 
kidney.  If  this  view  is  correct,  it  is  another  instance  of  the 
comparative  freedom  of  the  kidney  from  passive  subjection  to 
mechanical  and  physical  factors. 

The  differences  in  the  rates  of  urea  excretion  which  are  found 
to  exist  in  spite  of  constancy  in  blood  concentration  represent 
of  course  variations  in  the  ratio  we  have  defined.  These  varia- 
tions cannot  be  explained  by  the  differences  in  the  urine  con- 
centration, and  there  is  the  evidence  we  have  just  given  against 
attributing  them  to  differences  in  the  rate  of  blood  flow  through 
the  kidneys.  If  we  had  found  that  certain  individuals  always  gave 
low  and  others  high  ratios,  there  would  be  good  reason  to  believe 
that  the  variation  arose  from  permanent  individual  peculiar- 
ities, such  as  might  arise  from  ana-tomical  differences.  This  how- 
ever was  not  the  case.  In  a  single  individual  110  ratios  were 
determined  and  a  range  of  variation  found  which  was  compar- 
able to  that  shown  by  a  group  of  individuals.  It  would  thus 
appear  that  the  cause  of  variation  cannot  lie  in  differences  be- 
tween the  kidneys  of  different  individuals. 

Certain  facts  in  regard  to  the  average  ratio  and  to  the  unex- 
plained variations  from  the  average  in  the  ratio  become  appar- 
ent when  each  ratio  is  charted  according  to  the  level  of  the 
blood  urea  concentration  at  which  it  was  observed. 

The  average  ratios  represented  by  the  line  in  figure  1  increase 
with  increase  in  the  blood  urea  concentration.  The  more  the 
kidney  has  to  do,  the  more  efficiently  does  it  work.  It  responds 
to  a  call  for  more  work  by  an  increase  in  output  which  is  greater 
than  the  increase  in  demand. 
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The  variability  of  the  ratio  is  represented  in  figure  1  by  the 
scattering  of  the  observations  above  and  below  the  curve.  The 
variability  thus  measured  is  the  absolute  range  of  variation. 
But  it  is  the  relative  and  not  this  absolute  variability  which  is 
the  true  guide  to  the  degree  of  variation  in  the  activity  of  the 
kidney.  Thus  ratios  varying  from  10  to  20  have  no  greater 
absolute  range  of  variation  than  ratios  of  from  50  to  60,  but  the 
relative  variability  is  much  greater.  There  is  67  per  cent  of 
variation  from  the  average  in  the  first  instance,  and  only  18 
per  cent  in  the  second.     We  have  therefore  determined  the  me- 
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Fig.  2.  Decrease  in  the  Variability  of  the  Ratio  with  Increase  in  the 
Blood  Urea  Concentration 


dian  percentage  variation  from  the  average  ratio  as  given  by  the 
curve  in  figure  1  at  different  levels  of  blood  urea  concentration 
(fig.  2). 

The  percentage  variability  which  is  represented  in  figure  2 
decreases  with  increase  in  blood  urea  concentration.  The  more 
the  kidney  has  to  do  the  more  uniformly  does  it  work. 

There  is  then  no  one  average  ratio  which  may  be  taken  as  a 
standard  of  normal  kidney  function,  but  a  different  average 
ratio  for  every  blood  urea  concentration.  There  is  no  one  nor- 
mal range  of  variation,  but  a  series  of  normal  ranges  which 
decrease  with  rise  in  the  urea  content  of  the  blood. 
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Even  at  the  highest  blood  concentrations  there  is  a  consider- 
able percentage  variation  which  prejudices  the  value  of  the 
ratio  over  short  time  intervals  as  a  guide  to  the  functional  ca- 
pacity of  the  kidneys.  If  the  causes  of  this  variability  were 
known'  conditions  might  be  found  under  which  it  might  be 
lessened.  We  know  that  changes  in  the  concentration  of  urea 
in  the  urine  and  anatomical  differences  in  the  kidneys  of  the 
subjects  of  these  experiments  can  be  excluded  as  being  to  any 
appreciable  extent  factors  in  its  production.  There  is  also,  as  we 
have  showTi,  reason  to  believe  that  variation  in  the  rate  of  blood 
flow  through  the  kidney  does  not  under  ordinary  conditions 
markedly  influence  the  ratio.  There  remains  the  possibihty 
that  the  ratio  may  vary  with  changes  in  the  concentration  in 
the  blood  of  other  substances  than  urea. 

There  is  here  a  large  field  for  investigation.  So  far  we  have 
only  found  two  substances — adrenalin  and  pituitrin — which 
have  had  a  marked  and  definite  influence  on  the  ratio.  Ad- 
renalin increases  and  pituitrin  decreases  the  ratio  (18).  What  we 
call  the  normal  ratio  may  possibly  simply  be  that  which  results 
from  the  usual  balance  in  the  blood  between  adrenaUn  and 
pituitrin. 

This  finding  has  a  considerable  physiological  interest,  since  it 
reveals  a  means  whereby  the  organism  frees  itself  from  the  bond- 
age which  would  have  resulted  from  any  strict  dependance  of 
the  rate  of  excretion  on  the  concentration  in  the  blood  of  the 
substance  to  be  excreted.  It  is  another  example  of  the  inde- 
pendence of  the  kidney  from  the  rule  of  purely  physical  law, 
and  its  regulation  by  forces  working  in  accordance  with  the 
requirements  of  the  body  as  a  whole. 

The  antagonistic  effects  of  adrenalin  and  pituitrin  may  also  be 
of  importance  in  connection  with  the  measurement  of  kidney 
function.  If  the  temporary  variations  in  the  ratio  are  due  in 
part  to  changes  in  the  adrenahn-pituitrin  balance  in  the  blood, 
it  wdll  be  necessary  to  find  what  are  the  experimental  conditions 

'  Part  of  the  variability  shown  in  the  great  scattering  of  the  observations  in 
figure  1  arises  from  a  constant  deviation  from  the  average  ratio  manifested  by 
the  normal  kidney  at  certain  time  intervals  following  the  ingestion  of  urea. 
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under  which  the  balance  tends  to  be  most  constant.  We  have 
shown  that  the  ratio  is  most  variable  when  the  kidney  has  little 
to  do.  This  might  be  explained  by  supposing  that  when  there 
was  no  accumulation  of  catabolites  in  the  blood,  the  balance 
between  adrenalin  and  pituitrin  might  fluctuate  from  one  side 
to  the  other  in  accordance  with  the  needs  of  the  body  for  ad- 
renalin or  pituitrin  for  other  than  excretory  purposes.  The  result 
would  be  a  wide  variability  in  kidney  action.  But  when  a  press- 
ing need  arose  for  the  rapid  excretion  of  accumulated  end-prod- 
ucts the  balance  would  swing  only  in  one  direction — towards 
an  increase  in  adrenalin— and  the  kidney  would  become  more 
constant  in  its  rate  of  work.  Again  we  have  shown  that  the 
normal  kidney  meets  progressive  increases  in  the  amount  of  work 
it  is  called  on  to  perform  by  augmentations  in  the  rate  of  excre- 
tion, which  with  every  increase  in  load  become  progressively 
greater  than  that  required  to  simply  maintain  an  equality  be- 
tween work  required  and  work  done  (fig.  1).  This  capacity 
might  be  attained  through  a  reciprocal  relation  between  the  ad- 
renalin content  of  the  blood  and  the  degree  of  strain  on  the  kid- 
ney of  such  a  nature  that  every  increase  in  strain  was  met  by 
a  still  greater  increase  in  adrenalin.  Further  and  more  direct 
data  will  however  be  required  before  such  hypotheses  can  be 
accepted. 

The  subtitle  of  this  paper  expresses  the  view  that  the  ratio 
after  the  administration  of  urea  may  be  taken  as  an  approxi- 
mate index  to  the  amount  of  actively  functionating  kidney 
tissue.  If  this  direct  relationship  exists,  the  ratio  obtained  in 
animals  with  small  kidneys  should  be  proportionately  smaller 
than  the  ratio  in  animals  with  larger  kidneys.  We  have  made 
several  hundred  observations  of  the  ratio  in  rabbits,  and  have 
found  on  an  average  2.03  times  more  urea  in  one  hour's  urine 
than  was  present  in  100  cc.  of  blood  when  the  urea  content  had 
been  raised  to  225  mgm.  per  100  cc.  At  this  level  of  blood  urea 
we  should  expect  from  figure  1  a  ratio  of  66  in  man,  that  is  a 
ratio  about  33  times  as  great.  We  do  not  know  the  relative  kid- 
ney weights  in  the  rabbit  and  in  man,  but  these  weights  will 
have  a  relation  to  their  respective  body  weights.     The  average 
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weights  of  our  rabbits  was  about  2  kgm.  and  an  average  weight 
for  man  is  about  70  kgm.  or  thirty-five  times  greater  than  the 
weight  of  a  rabbit.  It  would  thus  appear  that  the  ratio  varies 
in  nearly  direct  proportion  to  the  w^eight  of  the  kidneys. 

E\'idence  of  the  above  nature  only  becomes  of  value  when  the 
average  of  large  nmnbers  of  observations  can  be  compared. 
We  hope  later  to  be  able  to  extend  it  by  averages  for  the  rat 
and  possibly  for  the  cat  also.  The  insufficient  data  we  have  at 
present  tends  to  support  the  hypothesis  of  a  direct  relation  be- 
tween the  magnitude  of  the  ratio  and  weight  of  the  kidneys. 

The  question  has  been  more  directly  approached  through  only 
on  a  very  small  scale,  by  the  comparison  of  the  ratios  following 
urea  administration  before  and  after  the  removal  of  one  kidney. 
In  three  rabbits  an  average  ratio  of  1.29  was  obta,ined  when  both 
kidneys  were  functioning,  and  a  ratio  of  0.54,  or  less  than  half, 
when  only  one  kidney  remained.  (19) 

It  is  of  course  not  contended  that  in  individual  cases  it  is 
possible  to  demonstrate  a  constant  and  absolute  relation  between 
the  ratio  and  the  kidney  weight.  There  were  doubtless  differ- 
ences between  the  kidney  weights  of  the  normal  individuals  on 
whom  we  determined  ratios,  but  such  differences  were  too  small 
to  lead  to  any  appreciable  effect.  They  were  obscured  by  the 
variability  of  kidney  action.  In  any  single  case  it  is  only  gross 
differences  in  the  size  of  the  kidneys  which  can  be  detected. 

We  have  been  dealing  hitherto  with,  normal  kidneys.  But 
in  the  diseased  kidney  the  weight  or  the  size  cannot  be  taken  as 
a  measure  of  capacity,  for  part  of  the  renal  tissue  may  be  func- 
tionally inactive.  What  is  needed  here  is  a  measure  of  the 
amount  of  renal  tissue  which  remains  capable  of  active  work. 
An  anatomical  estimate  of  this  sort  will  only  be  reasonably 
correct  under  certain  favorable  conditions.  In  many  acute 
pathological  states  the  methods  at  present  used  in  histological 
work  give  httle  or  no  idea. of  the  amount  of  tissue  which  has 
ceased  to  function,  and  on  the  other  hand,  some  conditions 
associated  with  strikingly  abnormal  anatomical  pictures  are 
not  necessarily  combined  with  great  functional  deficiency.  But 
this  is  not  true  of  all  anatomical  lesions.     Varying  doses  of 


284  T.    ADDIS 

uranium  produce  varying  degrees  of  degeneration  or  necrosis 
in  the  terminal  portion  of  the  proximal  convoluted  tubule — 
the  site  of  urea  excretion — ^and  it  is  possible  to  make  a  roughly 
quantitative  classification  in  such  cases  in  accordance  with  the 
amount  of  secreting  tissue  involved. 

Classifications  of  cases  of  uranium  nephritis  according  to  the 
extent  of  the  anatomical  change  and  to  the  degree  in  which  the 
ratio  was  depressed  were  found  to  agree  (20).  This  may  be 
considered  as  evidence  of  the  dependence  of  the  ratio  on  the 
size  of  the  kidney,  if  the  word  ''size"  is  considered  as  applying 
only  to  actively  functionating  renal  tissue. 

So  far  then  as  our  present  knowledge  reaches  it  would  appear 
that  there  are  two  main  causes  determining  the  magnitude  of 
the  ratio,  one,  a  constant,  the  amount  of  normal  kidney  struc- 
ture, and  the  other,  a  variable,  the  state  of  activity  of  the  kid- 
ney cells,  which  there  is  some  reason  to  suppose  may  vary  with 
the  balance  between  adrenalin  and  pituitrin  in  the  blood. 

The  problem  resolves  itself  into  the  determination  of  the 
conditions  under  which  this  variable  factor  becomes  constant 
or  relatively  constant.  The  ratio  might  then  be  taken  as  a 
measure  of  the  amount  of  active  kidney  tissue  present  not  only 
in  groups  of  individuals  but  in  single  cases.  This  would  give 
us  what  we  most  need  in  clinical  work — an  anatomical  founda- 
tion for  early  diagnosis,  prognosis  and  treatment.  For  func- 
tional studies  have  in  the  last  resort  no  fundamental  significance 
unless  they  are  of  such  a  nature  that  structural  inferen,ces  may 
be  drawn  from  them. 

One  essential  factor  in  the  conditions  necessary  before  the 
ratio  can  be  regarded  as  indicating  the  size  of  the  kidney  has 
already  been  made  clear.  The  ratio  was  not  found  to  be 
decreased  after  the  removal  of  one  kidney  except  when  the 
remaining  kidney  was  subjected  to  a  marked  strain  on  its  ex- 
cretory function.  The  ratio  itself  then  is  no  measure  of  kidney 
size,  but  only  the  ratio  after  the  administration  of  a  large 
quantity  of  urea.  This  is  a  principle  so  obvious  that  it  does 
not  require  elaboration.  We  could  as  little  expect  to  estimate 
the  muscular  strength  of  two  individuals  without  imposing  a 
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task  which  called  for  all  their  energy,  as  we  can  hope  to  measure 
the  functional  capacity  of  their  kidneys  apart  from  conditions 
requiring  the  maximum  activity  of  all  their  renal  tissue. 

SUMMARY 

1.  The  ratio  between  the  urea  content  of  the  urine  and  of 
the  blood  expresses  the  number  of  times  by  which  the  urea 
excreted  in  the  urine  during  a  certain  period  of  time  exceeds  the 
amount  of  urea  present  in  100  cc.  of  the  blood  suppUed  to  the 
kidney  during  this  time.  It  is  the  relation  between  the  amount 
of  work  accomplished  by  the  kidney,  and  the  most  important 
measure  of  the  amount  of  work  the  kidney  is  called  on  to 
perform. 

2.  Ratios  measured  over  periods  of  twenty-four  hours  are 
constant  in  normal  individuals  who  have  the  same  blood  urea 
concentration.  The  normal  kidney  is  therefore  not  char- 
acterised by  any  intrinsic  tendency  towards  variabiUty  of  fimc- 
tion.  Variations  in  kidney  function  arise  from  differences 
either  in  the  environment  or  in  the  anatomical  structure  of  the 
kidney. 

3.  Ratios  measured  over  short  periods  of  time  vary  widely 
even  though  the  blood  concentration  be  the  same.  This  varia- 
biUty must  be  due  to  short  Uved  alterations  in  environment 
which  counterbalance  one  another  over  long  but  not  over  short 
time  interv^als,  for  it  can  be  shown  that  such  anatomical  differ- 
ences as  may  exist  between  the  kidneys  of  young  healthy  adults 
do  not  play  any  appreciable  part  in  its  production. 

4.  Differences  in  the  concentration  of  urea  in  the  urine  are 
not  the  cause  of  this  variabiUty  in  the  ratio  over  short  periods 
of  time. 

5.  Evidence  is  given  against  the  supposition  that  this  varia- 
biUty arises  from  such  alteirations  in  the  amounts  of  urea  or  of 
oxygen  brought  to  the  kidney  as  would  be  produced  by  dif- 
ferences in  the  rat«  of  flow  of  blood  through  the  kidney.  Re- 
duction of  kidney  blood  supply  below  a  certain  minimum  has 
a  marked  effect  on  the  ratio,  but  it  does  not  follow  that  alter- 
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ations  above  that  critical  amount  would   have   much   if   any 
effect. 

6.  Since  it  is  possible  to  increase  the  ratio  by  the  subcu- 
taneous administration  of  adrenalin  and  to  decrease  it  by  pit- 
uitrin,  the  hypothesis  is  advanced  that  part  of  the  variability 
of  the  ratio  for  one  hour  periods  at  the  same  blood  urea  concen- 
tration, may  be  due  to  alterations  in  the  adrenalin  pituitrin 
balance  in  the  blood. 

7.  It  is  shown  that  the  magnitude  of  the  ratio  increases  with 
increase  in  the  blood  urea  concentration.  In  other  words  the 
kidney  responds  to  a  call  for  more  work  by  an  increase  in  output 
which  is  greater  than  the  increase  in  demand. 

It  is  further  shown  that  the  relative  variability  of  the  ratio 
at  different  levels  of  blood  ur^a  concentration  decreases  the 
higher  that  level  rises.  In  other  words  the  greater  the  demand 
for  work,  the  more  constant  does  the  rate  of  work  of  the  kidney 
become. 

Both  of  these  phenomena  may  be  brought  into  relation  with 
the  hypothesis  of  a  regulation  of  kidney  activity  by  means  of 
the  balance  between  adrenalin  and  pituitrin  in  the  blood. 

8.  There  is  evidence  that  a  direct  relationship  exists  between 
the  magnitude  of  the  ratio  and  the  size  of  the  kidneys.  This 
has  been  shown  by  comparing  the  average  ratios  obtained  from 
species  possessing  kidneys  which  differ  widely  in  size.  The 
removal  of  one  kidney  leads  to  a  depression  of  the  ratio.  In 
kidneys  whose  effective  size  has  been  reduced  by  necrosis  or 
degeneration  of  varying  extent,  there  is  a  relation  between  the 
degree  of  depression  in  the  ratio  and  the  amount  of  tissue  which 
has  been  rendered  functionless. 

9.  This  direct  relation  between  the  magnitude  of  the  ratio 
and  the  amount  of  actively  functionating  kidney  tissue  is  only 
demonstrable  under  conditions  in  which  the  kidney  is  called 
on  for  the  maximal  activity  of  all  its  secreting  elements  and  is 
subject  to  the  least  degree  of  variation  in  rate  of  work.  The 
ratio  can  be  taken  as  an  approximate  indication  of  the  size  of 
the  kidney  only  when  it  is  determined  during  the  strain  induced 
by  the  administration  of  a  large  quantity  of  urea. 
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THE  OPERATIVE  TREATMENT  OF  URETHRO-RECTAL 

FISTULA.    PRESENTATION  OF  A  METHOD 

OF  RADICAL  CURE 

HTGH   H.   YOUNG   and  HARVEY  B.  STONE 
From  the  James  Buchanan  Brady  Urological  Institute,  BaUimore,  Maryland. 

Urethro-rectal  fistula  is  regarded  as  rather  rare,  but  is  one 
of  the  most  difficult  problems  a  surgeon  is  called  upon  to  cure. 
The  lesion  is  reputed  to  be  most  intractable  to  treatment,  a 
reputation  well  borne  out  by  a  review  of  the  Uterature  from 
the  time  of  Astley  Cooper  to  the  present.  The  patient  who 
is  the  \'ictim  of  such  a  condition,  while  not  necessarily  in  danger 
of  his  Hfe  or  subjected  to  great  pain,  is  usually  wretchedly  mis- 
erable; in  fact  hfe  may  become  an  intolerable  burden.  With 
these  characteristics  of  the  lesion  in  mind,  we  have  felt  justified 
in  making  a  further  report  of  our  experience  in  the  use  of  an 
operative  method  for  recto-urethral  fistula  first  pubUshed  (1)  in 
1913. 

Since  it  is  the  primary  purpose  of  this  paper  to  describe  an 
operative  technique  and  to  relate  the  results  of  its  clinical  ap- 
plication, no  exhaustive  consideration  of  the  lesion  itself,  from 
the  view-point  of  etiology,  pathological  anatomy,  or  symptom- 
atology will  be  attempted.  Instead  the  following  summary 
of  the  facts  presented  by  our  own  cases  that  bear  on  these  gen- 
eral questions  is  collected  here  from  the  appended  case  reports. 

The  three  general  causes  of  urethro-rectal  fistula  are  trauma, 
including  of  course  surgical  interventions,  inflammations,  and 
the  destructive  ulceration  at  times  associated  with  mahgnant 
growths.  All  of  the  eleven  cases  detailed  in  this  article  belong 
to  the  first  group,  and  in  each  instance  the  tramna  was  in  the 
nature  of  a  surgical  operation.  These  operations  comprised 
one  perineal  hthotomy  (case  3),  four  incisions  for  drainage  of 
prostatic  abscesses  (cases  2,  7,  9,  and  10),  and  six  attempts  at 
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perineal  prostatectomy  (eases  1,  4,  5,  6,  8,  and  11).  In  a  twelfth 
case,  not  reported  in  detail  for  reasons  to  be  explained  now,  the 
fistula  was  of  spontaneous  origin,  due  to  tuberculosis  of  the 
prostate  gland,  and  hence  falling  into  the  second  group  of  causes 
mentioned  at  the  beginning  of  this  paragraph.  This  patient 
was  generally  tuberculous,  having  pulmonary  lesions  well 
marked,  bilateral  tuberculous  epididymitis,  tuberculous  prostatitis, 
with  the  urethro-rectal  fistula,  and  an  old  arthritis  of  the  left 
hip  joint  with  ankylosis.  His  fistula  made  him  utterly  miserable 
and  it  was  at  his  own  insistence,  perhaps  against  better  surgical 
judgment  that  the  operation  was  undertaken.  Mechanically  the 
difficulties  were  greatly  aggravated  by  the  ankylosed  hip,  which 
interfered  with  good  lithotomy  position  on  the  table.  However, 
the  patient  stood  the  procedure  well  and  it  was  apparently 
successful,  the  wound  healing  nicely  and  urine  passing  per  ure- 
thram  without  leakage  backward,  when  in  the  third  week  after 
operation  he  suddenly  died  from  an  acute  peritonitis  due  to 
rupture  of  an  extensive  tuberculous  abscess  of  the  abdominal 
lymphatic  glands.  The  case  is  therefore  inconclusive  as  to  the 
operative  procedure  here  under  discussion  and  is  not  included 
formally  in  our  report.  We  have  seen  no  cases  of  fistula  due  to 
malignant  growth,  and  of  course  such  cases  would  not  be  suit- 
able to  our  operative  treatment  in  any  event. 

The  pathological  anatomy  of  these  fistulae  may  be  dismissed 
with  brief  coroment.  In  practically  every  instance  the  urethral 
orifice  was  in  the  membranous  portion  of  the  urethra,  the  tract 
itself  very  short  and  straight  and  the  rectal  orifice  in  the  ante- 
rior wall  of  the  rectum,  about  the  mid-line,  and  within  a  short 
distance  above  the  internal  sphincter  muscle.  In  two  cases, 
however  (3  and  9),  the  fistula  opened  from  the  prostatic  urethra 
and  passed  through  the  prostate  gland.  This  may  account  for 
the  unsatisfactory  result  in  case  9,  the  only  one  of  the  series  that 
may  be  considered  a  failure.  In  addition  to  the  recto-urethral 
fistula,  there  was  a  communicating  perineal  fistula  in  cases  6 
and  8,  and  in  the  latter  there  were  two  large  abscess  cavities  in 
the  perineal  tissues  connected  with  the  fistulous  tracts.  In 
cases  3  and  10,  the  vesical  sphincter  was  also  damaged,  and  in 
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the  second  of  these  cases  a  very  successful  repair  of  this  muscle 
was  added  to  the  usual  operation.  In  several  cases  the  anal 
sphincters  had  been  damaged,  as  case  1,  causing  loss  of  rectal 
control.  This  was  also  successfully  repaired.  In  every  case 
the  perineum  was  more  or  less  extensively  scarred  and 
indurated. 

The  sjTuptoms  presented  by  these  patients  were  those  ob- 
viously dependent  upon  the  mechanics  of  the  lesion.  Promi- 
nent of  course — indeed  diagnostic — is  the  escape  of  urine  into  the 
rectum,  and  the  passage  of  gas  and  fecal  matter  through  the 
penis.  Those  cases  in  which  the  bladder  sphincters  were  in- 
jured experienced  more  or  less  constant  dribbling  of  urine  into 
the  rectum.  WTien  this  lesion  was  not  present  the  abnormal 
exit  of  urine  was  noticed  only  on  voiding.  Gas  may  escape  at 
any  time. through  the  penis,  whereas  fecal  material  usually  only 
appeared  at  defecation  or  when  the  intestinal  contents  are  par- 
tially liquid.  The  diagnosis,  in  \4ew  of  the  history,  symptoms 
and  urological  and  rectal  examinations,  usually  is  obvious. 

No  attempt  wiU  be  made  to  narrate  the  various  procedures, 
ranging  from  simple  cauterization  to  complex  operations  with 
plastic  flaps,  that  from  time  to  time  have  been  advocated  for 
the  cure  of  urethro-rectal  fistulae.  In  Tuttle's  ''Diseases  of 
the  Anus,  Rectum  and  Pehdc  Colon"  may  be  found  a  full  con- 
sideration of  this  phase  of  the  subject.  A  few  publications 
more  or  less  similar  to  ours  will  be  referred  to,  after  the  descrip- 
tion of  the  method  used  in  our  cases,  and  the  presentation  of 
the  case  reports. 

The  operation  may  be  described  briefly  as  follows.  First, 
suprapubic  drainage  of  the  bladder  is  estabUshed,  with  the 
patient  in  dorsal  posture.  The  patient  is  then  shifted  to  the 
exaggerated  lithotomy  position.  A  racquet  shaped  incision, 
beginning  in  the  mid-hne  of  the  perineimi  about  3  cm.  ante- 
ior  to  the  anal  margin  is  carried  backward  to  this  margin,  and 
then  encircles  it  at  the  muco-cutaneous  junctm^  (fig.  1). 
Through  the  circular  part  of  this  incision  the  mucosa  of  the 
rectum  is  dissected  free  all  around  (fig.  2)  until  a  cylinder  of  the 
membrane   is   stripped   from   its   attachments  well  above .  the 
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point  at  which  the  rectal  orifice  of  the  fistula  opens,  the  fistulous 
tract,  of  course  being  divided  transversely  in  this  process  (fig.  3). 
This  ascending  dissection  of  the  bowel  is  carried  upward  until 
sufficient  mucous  membrane  is  loosened  to  permit  the  pulling 
of  the  segment  containing  the  fistulous  orifice  well  out  of  the 
anus,  the  orifice  and  a  small  margin  of  normal  mucosa  above 
it,  and  all  that  below  it,  lying  outside  the  skin  level  and  later 
being  excised.  This  part  of  the  procedure  may  be  described  as 
an  exaggeration  of  the  Whitehead  principle  in  operating  for 
hemorrhoids. 

A  minor  point  of  some  practical  importance  consists  in  begin- 
ning the  dissection  of  the  mucosa  at  the  posterior  or  dorsal  part 
of  the  circle.  Not  only  is  it  easier  to  find  normal  planes  of 
cleavage  here,  where  there  is  no  scarring,  but  the  field  is  less 
obscured  by  hemorrhage  than  would  be  the  case  if  the  anterior 
side  is  first  attacked,  as  blood  then  runs  down  over  the  posterior 
half  of  the  anus. 

Next,  the  structures  of  the  perineal  body  are  divided  through 
the  straight  incision  in  the  mid-line — the  handle  of  the  racquet — 
so  as  to  expose  thoroughly  the  urethral  orifice  of  the  fistula  (fig. 
4).  It  should  be  noted  here  that  in  the  first  three  of  our  cases 
the  sphincter  ani  muscle  had  been  cut  in  the  mid-line  anteriorly 
in  previous  attempts  at  cure  of  the  condition,  so  that  this  part 
of  the  incision  actually  divided  nothing  but  scar  tissue  in  these 
cases.  This  scar  tissue  in  such  cases  is  dissected  away  laterally 
sufficiently  to  expose  the  ends  of  the  sphincter  ani  muscle,  the 
levatores  ani,  and  the  lesser  muscles  of  the  perineal  floor.  In 
the  rest  of  the  cases  with  one  exception,  the  intact  sphincter  ani 
muscle  was  divided  in  the  mid-line  anteriorly  to  allow  a  better 
exposure  and  repair  of  the  urethral  opening,  and  the  muscle 
then  repaired  as  in  the  first  three  cases.  In  case  7  it  was  not 
considered  necessary  to  cut  the  sphincter  at  all.  The  edges 
of  the  urethral  fistulous  opening  then  exposed  are  freshened, 
and  brought  together  with  catgut  sutures  over  a  sound  which 
has  been  previously  passed  through  the  urethra.  These  sutures 
do  not  penetrate  the  surface  of  the  urethral  mucous  membrane. 
The  levatores,   fascia,   and  smaller  muscles  are  then  brought 
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together  by  interrupted  catgut  sutures  across  the  mid-line  of 
the  perineum  in  several  layers,  reconstructing  the  perineal  body 
much  as  is  done  in  gynecological  operations  for  relaxed  vaginal 
outlet  (fig.  5).  Finally,  the  sphincter  ani  is  restored  by  unit- 
ing its  ends  with  a  mattress  suture  of  catgut,  and  the  mid-line 
incision  is  closed  with  interrupted  sutiu-es  (fig.  6).  The  last 
stage  in  the  operation  consists  in  the  excision  of  the  protruding 
cuff  of  rectal  mucosa  in  which  the  fistulous  opening  lies,  and  the 
union  of  the  lower  end  of  the  rectal  tube  to  the  anal  skin  margin 
(fig.  7) .  This  is  done  by  interrupted  silk  sutures  after  four  sub- 
mucous-subcutaneous  sutures  of  catgut  have  placed  at  quadrant 
points  to  help  anchor  the  bowel  in  place. 

It  wall  be  seen  that  there  are  four  essential  principles  in  this 
procedure.  The  first  is  the  protection  of  the  repair  from  leak- 
age and  muscle-spasm  by  diverting  urine  from  the  urethra 
through  suprapubic  drainage.  This  has  been  emphasized  in  the 
pubhcation  of  a  pre\'ious  operation  for  the  same  purpose  by  one 
of  us  (Young).  The  second  principle  is  the  complete  ablation 
of  the  damaged  portion  of  rectal  wall  and  the  reposition  of 
perfectly  sound  mucosa  quite  to  the  skin  edge.  The  third  ele- 
ment in  the  operation  is  the  closure  of  the  urethral  orifice,  and 
the  final  essential  is  the  interposition  between  rectum  and  ure- 
thra of  a  solidly  built  up  perineal  body. 

The  histories  of  our  cases  follow. 

Case  1,  }V.  A.  M.,  age  26  years.  Family  and  past  history  not  im- 
portant except  as  herein  related.  Gonorrhoeal  infection  in  July,  1905, 
the  discharge  lasting  about  two  months.  Recurrent  infection  in 
summer  of  1907.  In  spite  of  various  treatments,  the  patient  continued 
to  have  trouble,  especially  from  prostatic  involvement.  An  attempt 
at  perineal  prostatectomy  in  June,  1909,  made  in  Nash\dlle,  Tenn., 
to  relieve  this  condition,  resulted  in  producing  a  urethro-rectal  fistula. 

The  patient  was  operated  on  three  successive  times  in  the  summer 
of  1911,  in  Chattanooga,  Tenn^  The  first  attempt  consisted  in  caut- 
erization of  each  of  the  fistulous  orifices.  At  the  second  operation 
the  fistulous  tract  was  split  through  a  mid-line  perineal  incision,  the 
levator  and  sphincter  ani  muscles  and  the  rectal  wall  being  divided. 
As  a  result  of  this,  the  fistula  was  much  enlarged,  but  its  rectal  orifice 
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was  brought  down  nearer  the  skin  edge  than  it  had  been.  The  third 
trial  consisted  in  an  attempt  to  turn  a  flap  over  the  fistula  and  recon- 
struct the  sphincter  ani.     This  was  a  complete  failure. 

Condition  in  January,  1913.  Patient  complains  that  when  he  voids, 
practically  all  urine  escapes  through  the  rectal  fistula,  unless  he  closes 
it  by  pressure  of  finger  over  orifice.  There  is  incontinence  of  gas  and 
fluid  stools,  and  these  occasionally  escape,  in  part,  through  the  penis. 
On  examination  there  is  a  depressed  scar  of  old  suprapubic  incision 
in  mid-line  of  lower  abdomen.  Perineum  shows  an  inverted  horse- 
shoe shaped  scar.  The  anus  is  dilated  widely,  has  a  scar  in  mid-line 
anteriorly  and  when  patient  attempts  to  contract  sphincter,  it  is  evi- 
dent that  there  is  no  muscle  left  except  around  the  posterior  three- 
fourths  of  the  circle.  Just  within  the  rectum,  in  the  mid-line  anteriorly, 
one  feels  the  rectal  orifice  of  the  fistula,  about  5  mm.  in  diameter. 
Prostate  small  and  adherent.     Perineum  one  mass  of  old  scar  tissue. 

Operation  January  27,  1913,  Dr.  Young  and  Dr.  Stone.  The  op- 
erative steps  as  described  above  were  executed  successfully.  Some 
difficulty  was  experienced  both  in  opening  the  bladder  for  suprapubic 
drainage,  and  in  dissecting  the  anterior  wall  of  the  rectum,  because  of 
dense  scarring  from  previous  operations.  The  patient  left  the  table, 
however,  in  good  condition,  and  with  a  very  satisfactory  repair.  Con- 
valescence was  quite  uneventful.  The  suprapubic  tube  was  removed 
after  two  weeks,  and  in  six  weeks  this  wound  was  firmly  healed  There 
never  was  any  leakage  from  the  urethra  after  operation.  The  rectal 
wound  healed  w^ell.  The  patient  regained  excellent  control  of  the 
rectum  with  repair  of  the  sphincter  muscle,  and  when  examined  for 
discharge  March  15,  1913,  could  be  conservatively  considered  entirely 
cured,  with  urination  and  defecation  normal.  A  letter  from 
this  patient  in  the  autumn  of  1914,  describes  his  condition  as  most 
satisfactory.  The  fistula  has  never  reopened  and  he  has  good  sphinc- 
ter control. 

Case  2,  0.  T.  B.,  age  48  years.  The  essentials  of  his  history  follow. 
As  a  result  of  post-operative  catheterization,  his  bladder  and  urethra 
became  infected  with  staphylococcus  in  1903.  Consequent  to  this 
infection,  which  persisted  in  spite  of  treatment,  a  prostatic  abscess 
developed.  This  was  drained  through  a  semilunar  perineal  incision, 
at  which  operation  the  rectum  was  inadvertently  injured,  and  thus 
a  urethro-rectal  fistula  established.  The  perineum  was  incised  to 
the  fistula,  and  the  sphincter  ani  divided  in  an  effort  to  cure  the  con- 
dition in  1907.     This,  however,  was  unsuccessful  and  another  attempt 
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was  made  in  1911,  which  hkewise  failed.  When  the  patient  presented 
himself  for  examination  in  April,  1913,  the  following  facts  were  ob- 
served. About  an  inch  and  a  half  above  the  muco-cutaneous  margin 
there  is  a  small  fistula,  admitting  only  a  fine  probe,  which  passes  from 
the  rectum  into  the  mid-prostatic  urethra.  When  the  patient  voids, 
about  four-fifths  of  the  urine  passes  through  the  natural  channels 
and  about  one-fifth  through  this  fistula.  The  perineum  has  been 
divided  in  the  raid-line,  and  shows  much  scarring.  The  sphincter  ani 
muscle  had  also  been  divided,  but  its  ends  have  united  without  much 
retraction,  so  that  there  is  fairly  good  control. 

Operation  April  4,  1913.  The  same  steps  were  followed  out,  as 
described  above.  In  this  case  the  tissues  of  the  patient  were  much 
more  fibrous  and  difficult  to  dissect,  but  finally  the  operation  was 
completed  successfully,  the  rectal  cuff  drawn  down  well  and  excised 
with  the  fistula. 

Postoperative  history  uneventful  except  that  some  oedema 
developed  about  the  fine  of  suture  on  the  fifth  day.  On  the  fourteenth 
day  the  patient  was  allowed  to  be  out  of  bed  and  the  suprapubic  drain- 
age was  withdrawn.  On  this  day  the  patient  thought  that  he  passed 
a  few  drops  of  urine  through  the  line  of  suture  at  the  muco-cutaneous 
margin.  This  day  and  the  next,  however,  he  was  carefully  watched 
while  voiding  after  the  operative  wound  had  first  been  dried.  There 
was  absolutely  no  escape  of  fluid  of  any  sort,  so  that  the  fistula  was 
considered  closed.  The  patient  was  discharged  on  the  sixteenth  day, 
at  his  own  urgent  request,  although  we  should  have  kept  him  longer 
if  possible. 

An  examination  of  this  patient  in  April,  1915,  gave  the  following 
results.  At  times  the  patient  still  has  some  leakage  of  urine  at  the 
anal  margin,  the  opening  apparently  being  at  the  muco-cutaneous 
line  in  front.  It  is,  however,  too  small  to  see  or  feel.  The  patient 
was  under  observation  four  days.  During  two  days  there  was  abso- 
lutely no  leakage;  at  other  times  only  a  few  drops.  The  largest  leak- 
age observed  was  when  the  patient  voided  250  cc.  per  urethram  and 
lost  5  cc.  per  anum.  The  patient  has  good  control  of  both  anal  and 
vesical  sphincters  and  sleeps  in  a  dry  bed  now,  whereas  before  the 
operation  this  was  impossible.  His  condition  was  so  greatly  improved 
that  it  was  decided,  with  his  full  concurrence,  not  to  try  any  further 
operative  treatment. 

Case  3,  H.  M.  D.,  age  23  years.  '  The  essential  facts  in  the  history 
of  this  case  are  as  follows.     The  patient  was  operated  on  in  1900  by 
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the  perineal  route,  for  stone  in  the  bladder.  During  the  operation 
the  rectum  was  wounded  and  the  patient  recovered  with  a  recto-ureth- 
ral  fistula  and  rectal  incontinence.  In  1903  and  1904  operations  were 
undertaken  to  cure  the  fistula,  but  without  success.  In  1906  he  was 
operated  on  again ;  this  time  the  damaged  sphincter  ani  being  repaired 
successfully,  but  the  fistula  was  not  cured.  A  fourth  operation  was 
done  in  1908,  again  without  success.  In  one  of  the  operations,  the 
•patient  does  not  recall  just  which,  suprapubic  drainage  was  employed. 

Condition  on  April  9,  1913.  During  the  day,  urine  slowly  leaks 
from  bladder  into  rectum,  from  which  it  is  evacuated  every  two  to 
three  and  a  half  hours.  In  addition  patient  has  a  regular  well  formed 
bowel  movement  daily.  At  night  when  asleep  the  urine  accumulates 
in  rectum  until  it  overflows  through  anus,  with  fecal  matter,  soiling 
bed.  General  health  good.  It  is  the  inconvenience  of  his  condition 
that  chiefly  concerns  the  patient. 

Examination.  Scar  of  old  suprapubic  incision  in  mid-Une  of  lower 
abdomen.  In  the  perineum  is  an  inverted  V-shaped  scar,  well  healed, 
and  a  linear  scar  in  the  median  raph^  also.  The  mid-line  of  the  anal 
ring  anteriorly  is  a  mass  of  scar  tissue,  but  the  sphincter  functions 
fairly  well.  About  2  cm.  above  the  muco-cutaneous  margin  of  the 
rectum  is  an  opening  in  the  anterior  wall  admitting  a  medium-sized 
probe,  which  passes  then  through  the  apex  of  the  prostate  gland  and 
into  the  urethral  just  below  the  neck  of  the  bladder.  When  the  probe 
is  advanced  slightly  it  enters  the  bladder,  and  urine  trickles  out  along 
the  instrument. 

Operation  on  April  10,  1913.  Same  steps  as  above  described.  The 
dissection  in  this  case  was  easier  than  in  case  2,  but  the  urethral  orifice 
was  much  higher,  practically  involving  the  vesical  sphincter.  Re- 
pair was  made  without  inordinate  diflEiculty,  however.  Convalescence 
was  uneventful.  The  suprapubic  drainage  was  removed  in  fourteen 
days,  and  the  patient  left  the  hospital  in  twenty-one  days  entirely 
well,  the  recto-urethral  fistula  being  completely  cured,  and  the  sphincter 
control  practically  normal.  There  is  a  shght  tendency  to  escape  of 
urine  through  urethra  when  the  bladder  is  overdistended,  and  the  su- 
prapubic wound  is  not  yet  entirely  healed.  Otherwise  the  patient 
presents  a  restoration  to  normal.  This  patient  was  heard  from  in 
the  autumn  of  1914.  His,  condition  is  entirely  satisfactory  except 
that  the  vesical  sphincter  is  somewhat  weak.  With  a  full  bladder 
there  is  still  a  tendency  to  dribble  urine  per  urethram.  The  fistula 
has  remained  entirely  closed  and  the  anal  sphincter  is  competent. 
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Case  4,  E.  F.  S.  Admitted  to  the  Johns  Hopkins  Hospital  February 
15,  1915,  with  a  diagnosis  of  benign  prostatic  hypertrophy.  The 
patient  was  operated  on  for  this  condition  by  the  perineal  route  on 
February  24  by  one  of  the  resident  house  officers.  A  week  after  the 
operation  it  was  discovered  that  there  was  a  communication  between 
the  rectum  and  the  perineal  wound — that  fecal  material  discharged 
through  this  fistula.  On  March  8  suprapubic  cystotomy  for  drainage 
was  done.  For  several  days  after  this  fecal  material  came  through 
the  suprapubic  wound.  On  April  8  a  note  was  made  that  at  times 
there  was  a  considerable  amount  of  fecal  discharge  through  the  urethra. 
By  April  15  the  suprapubic  woimd  had  closed.  By  the  middle  of 
June  the  perineal  fistula  had  closed,  and  the  patient  was  left  then 
with  a  simple  recto-urethral  fistula.  On  the  28th  of  June  the  typical 
operation  as  above  described  was  carried  out,  with  less  difficulty  than 
usual  except  for  the  friabiUty  of  the  mucous  membrane.  Following 
this  operation  the  patient  made  an  uninterrupted  recovery,  and  on 
July  28  the  following  note  was  made  when  he  returned  to  the  hospital 
for  inspection.  "The  perineal  incision  is  well  healed,  as  is  also  the 
rectal  wound.  There  is  no  fistula.  Shght  stenosis  of  anal  outlet  at 
circular  scar.  Closure  apparently  quite  solid.  Sphincter  somewhat 
relaxed,  but  still  functions  well.  Operation  successful."  On  August 
7  the  patient  again  returned  for  observation,  at  which  time  no  new 
finding  was  added  to  the  above  not«. 

Case  5,  A.  B.  Entered  the  Johns  Hopkins  Hospital  April  8,  1915, 
with  a  diagnosis  of  benign  prostatic  hypertrophy.  Prostatectomy  by 
the  perineal  route  was  done  on  April  13,  and  on  May  26  for  the  first 
time  it  was  discovered  that  there  was  a  recto-urethral  fistula,  when 
an  attempt  was  made  to  irrigate  the  urethra  and  the  fluid  passed  into 
the  rectum.  There  had  never  been  any  other  evidence  of  the  existence 
of  this  fistula.  An  examination  made  now  disclosed  a  longitudinal 
tear  discovered  in  the  mid-line  in  front.  The  patient  was  discharged 
from  the  hospital  on  June  22.  He  returned  to  the  hospital  for  treat- 
ment of  the  fistula,  and  on  October  21  the  following  note  was  made. 
"Shght  induration  of  the  internal  sphincter  and  sht-like  orifice  in  the 
anterior  rectal  wall  about  5  mm.  in  length,  extending  longitudinally 
upward  from  the  level  of  the  internal  sphincter.  The  edges  are  in- 
durated and  there  is  considerable  surrounding  fibrosis.  On  October 
22  the  usual  operation  for  cure  of  recto-urethral  fistula  was  done 
without  much  difficult}'.  The  patient  made  an  uneventful  recovery 
and  was  discharged  on  November  27  with  the  following  note.     "Anal 
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sphincter  is  of  good  tone.  Slight  irregularity  of  the  muco-cutaneous 
junction.  Rectum  is  perfectly  intact  throughout.  Fistula  entirely 
closed."  Patient  returned  again  for  inspection  December  7,  at  which 
time  no  additional  facts  were  noted. 

Case  6,R.G.  Admitted  to  the  Johns  Hopkins  Hospital  August  24, 1915, 
with  a  diagnosis  of  recto-urethral-perineal  fistula.  His  past  history  is 
unimportant  except  as  follows.  About  eighteen  months  ago  he  was 
operated  on  in  another  hospital  for  enlarged  prostate  by  the  perineal 
route.  The  patient  has  had  since  that  time  a  recto-urethral  fistula. 
On  August  30  the  usual  operation  for  recto-urethral  fistula  was  done. 
Because  of  the  discharging  orifice  in  the  perineum,  it  was  necessary  to 
excise  a  certain  amount  of  surrounding  skin  and  subcutaneous  tissue 
to  get  fresh  surface  for  healing.  The  patient  was  discharged  from 
the  hospital  on  October  11  with  the  following  note.  "Suprapubic 
wound  is  completely  healed  and  so  has  the  perineal  wound,  except 
for  a  fistulous  opening  in  the  anterior  portion  of  the  mid-hne.  At 
each  voiding  there  is  considerable  discharge  of  urine  through  this 
opening.  Patient  has  passed  no  gas  through  the  urethra  since  opera- 
tion nor  any  urine  into  the  rectum.  The  rectal  sphincter  is  somewhat 
relaxed,  but  mucous  membrane  is  perfectly  intact.  There  is  no 
fistula."  On  November  23  the  following  note  was  made.  ''The 
perineal  fistula  still  remains  open  and  a  few  drops  of  urine  escape  at 
each  voiding.  On  examination  today  the  perineal  fistula's  opening 
is  almost  closed,  being  extremely  small  and  little  larger  than  a  pin 
head.  There  was  no  communication  with  the  rectum."  The  Out- 
Patient  Department  subsequently  reported  the  closure  of  the  small 
perineal  fistula. 

Case  7,  J.  T.  Admitted  to  the  Johns  Hopkins  Hospital  October 
26,  1915,  with  a  diagnosis  of  recto-urethral  fistula.  Three  years  ago 
patient  was  operated  on  for  prostatic  abscess,  by  a  perineal  incision. 
When  this  wound  healed  he  was  left  with  a  recto-urethral  fistula.  On 
examination  the  following  special  note  was  made.  "About  1  cm. 
anterior  to  the  anal  margin  is  seen  the  scar  of  old  operation  with  slight 
pin  hole  sinus  present.  Slight  external  hemorrhoids.  Anal  sphincter 
of  good  tone.  Just  inside  of  anal  sphincter  can  be  felt  a  depression 
surrounded  by  fibrous  scar  which  will  not  admit  tip  of  index  finger. 
This  is  in  all  probability  the  opening  of  the  recto-urethral  fistula. 
This  point  is  slightly  to  the  right  of  the  mid-line  in  front."  On  Octo- 
ber 29,  1915,  the  typical  operation  was  carried  out  with  the  exception 
that  in  this  case  it  was  not  deemed  necessary  to  divide  the  anal  sphinc- 
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ter  muscle.  Patient's  convalescence  was  uninterrupted  following  the 
operation  except  for  the  forrhation  of  a  rather  large  hematoma  to 
the  right  side  of  the  rectal  wound.  He  was  discharged  from  the  hos- 
pital November  27  as  well,  and  returned  on  December  9  for  inspection, 
when  the  following  note  was  made.  "The  suprapubic  wound  has 
healed  soHdly.  No  urine  escaped  from  it  during  the  past  week.  The 
urine  is  voided  every  two  or  three  hours  during  the  day  and  once  at 
night.  Urination  is  free  and  accompanied  by  no  pain.  There  is  no 
escape  of  urine  either  from  the  rectum  or  perineum.  On  examination 
today  the  wound  about  the  anal  margin  has  healed.  A  few  mucus 
tags  protrude  at  the  site  of  the  hematoma.  The  functional  result  is 
excellent." 

Case  8,  G.  D.  J.  Admitted  to  the  Johns  Hopkins  Hospital  March 
25,  1916,  with  diagnosis  of  recto-urethral  fistula.  A  perineal  prostatec- 
tomy had  been  done  elsewhere  in  October,  1914.  Wound  did  not 
heal  and  urine  drained  into  rectum.  In  December,  1914,  an  attempt 
at  closure  had  been  made.  This  was  unsuccessful,  as  was  a  second 
attempt  in  December,  1915.  Examination  on  admission  showed  the 
following  condition.  "Globus  major  on  either  side  about  twice  normal 
size,  moderately  indurated  and  tender.  In  perineum  there  is  extensive 
scarring  and  induration  of  previous  operations.  Surface  of  perineum 
is  quite  irregular  from  this  cause  and  there  is  a  small  urinary  fistula 
which  is  draining  at  present.  Anal  sphincter  of  good  tone.  There  has 
been  a  prostatectomy,  and  in  region  of  the  prostate  there  is  marked 
scar  formation.  Mucosa  of  rectum  is  densely  adherent  anteriorly. 
About  2.5  cm.  inside  the  sphincter,  and  just  opposite  the  membranous 
urethra  can  be  felt  a  small  opening  anteriorly,  which  admits  a  probe." 

On  April  7,  1916,  the  operation  for  radical  cure  of  the  recto-urethro- 
perineal  fistula  was  performed.  The  usual  steps  of  operation  were 
followed,  with  certain  additions  made  necessary  by  the  peculiarities 
of  this  case.  The  area  of  scarring  in  the  perineum  was  excised  by  a 
more  or  less  oval  incision,  including  the  opening  of  the  perineal  fistula. 
This  exposed  two  old  abscess  cavities,  on  either  side  of  the  mid-line 
opposite  the  tuberosities  of  each  ischium,  containing  large  amounts 
of  granulation  tissue.  These  were  completely  excised,  which  left  a 
considerable  defect  in  the  soft  parts  of  the  perineal  floor.  With  some 
difficulty  flaps  were  dissected  to  form  a  closure  in  the  repair  stages  of 
the  operation.  Otherwise  the  case  was  handled  along  the  usual  lines 
of  procedure. 
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The  post-operative  history  of  this  case  was  not  quite  as  satisfactory 
as  in  most  of  the  others.  When  the  bowels  were  moved  for  the  first 
time  on  April  16th,  the  repair  of  the  rectum  and  perineum  gave  way 
in  part  and  some  fecal  matter  appeared  in  the  opened  perineal  wound, 
and  on  April  24th  urinary  leakage  in  the  perineum  developed.  The 
Davis  suction  drainage  was  applied  to  the  suprapubic  wound,  and 
continued  until  July  2.  The  bladder  was  irrigated  daily.  The  pe- 
rineal wound  was  frequently  irrigated  and  dressed.  On  July  2d  the 
patient  was  allowed  up  and  about  and  on  July  8th  all  suprapubic, 
perineal  and  rectal  leakage  of  urine  had  ceased.  All  urine  passed 
per  urethram.  Patient  voids  every  one  and  one-half  hours.  Rectal 
wall  and  sphincter  well  healed.  No  fecal  discharge  through  perineum 
or  urethra.  Sphincter  action  good.  Perineal  wound  not  entirely 
healed.  The  patient  was  discharged  from  the  hospital,  and  wrote 
several  months  later  saying  that  all  his  wounds  were  healed,  the  j&s- 
tula  entirely  closed,  and  his  condition  good. 

Case  9,  J.  A.  Admitted  to  the  Johns  Hopkins  Hospital  on  May 
23,  1916,  with  diagnosis  of  recto-urethral  fistula.  Following  recur- 
rent attacks  of  specific  urethritis,  the  patient  developed  an  acute  pro- 
static abscess  in  1914.  This  was  incised  in  Philadelphia,  apparently 
per  rectum.  His  acute  symptoms  were  then  relieved,  but  there  fol- 
lowed a  recto-urethral  fistula  with  the  escape  of  gas  through  the  penis 
and  of  urine  into  the  rectum.  Five  months  later  an  internal  urethrot- 
omy and  dilatation  of  the  urethra  to  34-F  was  performed.  Some- 
what later  the  fistulous  tract  was  apparently  curetted.  Neither  of 
these  procedures  accomplished  a  cure  of  the  fistula. 

Examination.  Anal  sphincter  somewhat  relaxed.  No  scar  in 
perineum.  Just  above  the  internal  sphincter  there  is  a  curious  cir- 
cular fold  or  band  of  scar  tissue,  running  from  the  prostate  laterally, 
particularly  to  the  right.  To  the  right  of  the  mid-Hne  an  opening  in  the 
anterior  wall  of  the  rectum  can  be  seen.  A  fine  probe,  passed  through 
this  opening,  travels  forward  toward  the  prostate  and  urethra,  and 
causes  referred  pain  to  the  penis  and  perineum.  There  is  some  gen- 
eral induration  of  the  anterior  wall  of  the  rectum  and  of  the  prostate. 

Operation  June  5,  1916.  The  usual  operation  was  executed,  the 
only  matter  of  note  being  that  the  fistula  ran  through  the  apex  of  the 
prostate  and  its  course  was  surrounded  by  a  cheesy,  sebaceous-like 
material  suggesting  an  old  inspissated  abscess.  The  actual  urethral 
orifice  was  not  sutured,  but  healthy  tissues  were  sutured  over  it,  and 
the  closure  otherwise  carried  out  as  usual. 
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The  patient  was  discharged  on  the  thirty-fifth  day.  Small  amounts 
of  urine — from  a  few  drops  to  a  teaspoonful — have  been  coming 
through  rectum  when  patient  voids,  since  the  suprapubic  wound  healed. 
The  suture  hne  of  rectal  edge  to  skin  at  anterior  mid-line  had  pulled 
away  a  Uttle  and  apparently  this  was  where  the  leakage  occurred. 

Case  10,  C.  C.  Admitted  to  Johns  Hopkins  Hospital  April  2,  1916, 
with  diagnosis  of  recto-urethral  fistula.  Patient  had  a  perineal  op- 
eration for  prostatic  abscess  performed  three  years  before,  following 
which  he  developed  a  recto-urethral  fistula.  Two  operative  attempts 
made  elsewhere  have  failed  to  close  the  fistula.  Present  condition. 
Patient  complains  of  passage  of  gas  and  occasional  fecal  material 
through  penis,  and  dm-ing  the  night  accumulation  of  urine  in  rectum. 
There  is  also  constant  dribbing  of  urine  from  m-ethra  when  patient 
walks  or  stands,  showing  incontinence  of  bladder  sphincter.  Examina- 
tion shows  linear  scar  in  perineum  about  4  cm.  in  length.  Anal  sphinc- 
ter possesses  good  tone.  There  is  induration  of  tissues  in  front  of 
rectum  particularly  just  below  the  apex  of  the  prostate  gland.  At 
this  point  there  is  some  tenderness  on  pressure  and  a  sHght  palpable 
dimple.  Into  this  dimple  a  probe  can  be  passed  for  a  short  distance 
forward.  This  is  probably  the  rectal  orifice  of  the  fistula.  The  ure- 
throscope shows  the  vesical  orifice  dilated  and  internal  sphincter  of 
the  bladder  relaxed.  On  April  5,  1916,  the  usual  operation  was  per- 
formed, with  one  additional  step  of  much  interest.  During  the  first 
portion  of  the  procedure,  when  the  bladder  was  opened  for  suprapubic 
drainage,  Dr.  Young  did  a  plastic  repair  of  the  internal  sphincter  of 
the  bladder  and  the  internal  urethral  orifice.  He  is  to  report  this  in 
detaU  in  connection  with  other  similar  cases.  The  perineal  dissection 
was  carried  out  in  the  usual  way  except  for  unusually  extensive  scar 
removal.  The  usual  repair  was  then  done.  After  a  remarkably 
smooth  convalescence,  the  patient  left  the  hospital  on  May  6,  1916, 
entirely  healed.  Not  only  was  the  urethro-rectal  fistula  quite  closed, 
but  urinary  continence  was  restored.  The  patient  had  no  dribbing, 
voided  only  every  4:5  hours,  and  had  excellent  control.  This  patient 
was  seen  for  review  six  months  later  and  found  to  be  in  every  way 
satisfactory. 

Case  11,  E.  M.  Admitted  to  Johns  Hopkins  Hospital  January  16, 
1917,  with  a  diagnosis  of  urethro-rectal  fistula.  An  attempt  had  been 
made  at  a  perineal  prostatectomy  in  Arizona  in  1915.  After  this  he 
was  left  with  a  urethro-rectal  fistula,  passing  gas  and  feces  per  urethram 
and  urine  per  rectum.     In  May,  1916,  an  operation  was  performed 
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elsewhere  in  an  attempt  to  cure  the  fistula.  This  was  unsuccessful. 
On  examination  the  following  note  was  made.  "Anal  sphincter  of 
good  tone.  Fistulous  orifice  in  anterior  rectal  wall  about  2.5  cm. 
above  anal  margin.  Perineum  is  indurated  from  old  scar  tissue,  and 
the  whole  area  of  the  prostate  is  fibrous." 

Operation  January  29,  1917.  The  usual  steps  were  carried  out 
without  any  change  worth  noting.  During  convalescence  the  perineal 
incision  broke  down  in  part,  but  there  was  never  any  leakage  of  urine 
into  the  bowel  or  perineum,  and  no  breaking  down  of  the  essential 
repair.  The  patient  was  discharged  on  March  9,  1917,  with  the  fol- 
lowing note.  "Several  remaining  black  silk  sutures  removed.  Wound 
cleaned  up  well  and  nearly  healed.  Sphincter  ani  holding  firmly. 
No  escape  of  gas  or  feces  per  urethram.  No  urine  leaks  into  rectum, 
fistula  cured." 

It  will  be  seen,  in  brief  review,  that  these  eases  presented 
many  difficulties.  Some  of  them  were  of  long  duration,  so  that 
the  fistulous  tract  had  become  thoroughly  organized  into  dense 
cicatrix.  They  had  all  been  subjected  to  one  or  several  pre- 
vious operations,  rendering  the  whole  region  abnormal  and 
extensively  scarred.  In  three  cases  the  sphincter  ani  had  been 
previously  damaged,  so  that  to  the  fistula  itself  was  added  dis- 
turbance of  the  rectal  outlet.  In  all  of  these  cases,  with  the 
exception  of  case  9,  belonging  in  a  class  admittedly  recalcitrant 
to  treatment,  and  indeed  declared  by  the  older  writers  to  be 
well  nigh  hopeless  of  betterment,  a  most  gratifying  degree  of 
success  was  attained.  We  hope  that  a  method  which  has  served 
so  well  in  this  small  series  of  cases  will  be  subjected  to  further 
trial.  And  with  this  hope  we  wish  to  add  a  perhaps  needless 
admonition.  As  in  all  plastic  work,  it  is  essential  that  free 
mobilization  be  secured,  so  here  the  rectum  must  be  freed  well 
above  the  fistulous  tract  before  an  efTort  is  made  to  bring  it 
down  to  the  skin  edge. 

Ziembicki  (2)  in  1889  is  the  first  author  whom  we  have  been 
able  to  review,  who  has  at  all  approached  this  method  of  at- 
tack. He,  too,  loosened  the  rectum  from  its  lower  attachments. 
But  instead  of  removing  the  fistula-bearing  lower  cuff  of  bowel, 
he  simply  sutured  the  openings  in  the  urethra  and  rectum  and 
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then  rotated  the  rectum  somewhat  to  one  side,  so  as  to  bring 
the  two  orifices  out  of  line  with  each  other.  We  beUeve  our 
procedure  possesses  obvious  advantages.  Paul  Segond  (3)  in 
1902,  appHed  the  principle  of  pulling  down  the  rectum  in  at- 
tacking recto- vaginal  fistulae,  and  in  1903,  Tedenat  (4)  reported 
ha\dng  successfully  operated  on  two  cases  by  dilating  the  anus, 
dissecting  up  a  cuff  of  rectal  mucosa,  closing  the  urethral  orifice 
thus  exposed;  and  then  pulling  the  rectal  mucosa  down  so  that 
the  rectal  orifice  of  the  fistula  is  brought  to  the  anal  margin. 
Elting  (5)  has  adopted  an  analogous  attack  upon  ordinary  fis- 
tula in  ano. 

We  were  not  acquainted  with  the  paper  of  Tedenat  imtil  after 
three  of  our  cases  had  been  operated  upon  and  we  were  consid- 
ering their  pubUcation.  (1).  Unquestionably  we  are  not  the 
first  who  have  reahzed  the  apphcability  of  the  "Whitehead 
principle"  to  the  cure  of  such  fistulae  as  are  the  subject  of  this 
paper,  but  we  desire  to  emphasize  the  importance  also  of  the 
other  steps  involved  in  our  procedure,  the  combination  of  all 
of  which  we  beheve  has  been  the  secret  of  success  in  these  ex- 
tremely difficult  cases.  It  may  be  urged  that  the  magnitude  of 
the  surgical  undertaking  is  out  of  proportion  to  the  extent  of 
the  lesion.  We  have  but  to  call  attention,  in  reply,  to  the  fact 
that  many  of  these  patients  had  undergone  previous  operations 
without  success,  yet  their  condition  was  such  as  a  result  of  the 
fistulae,  that  they  very  gladly  submitted  to  any  proposed 
method  of  securing  rehef. 
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PLATE  1 

Fig.  1.  The  racquet  shaped  incision  beginning  at  the  midpoint  of  the  peri- 
neum and  [extending  posteriorly  encircling  the  anus  at  the  muco-cutaneous 
juncture. 
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PLATE    I 
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PLATE  2 

Fig.  2.  The  first  in   the   freeing  of   the   rectal  mucosa   from  the   underlying 
structures. 
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PLATE  3 

Fig.  3.  The  mucosa  has  been  freed  to  a  point  well  above  the  fistulous  open- 
ing and  the  sphincter  ani  muscle  has  been  divided. 
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PLATE  3 
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PLATE  4 

Fig.  4.  The  dissection  has  been  carried  down  through  the  perineal  body  and 
the  urethral  orifice  of  the  fistula  exposed. 
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PLATE  5 

Fig.  5.  After  freshening  its  edges,  the  fistulous  opening  in  the  urethra  is 
closed  and  the  perineal  musculature  is  brought  together  with  interrupted 
sutures.     The  cut  edges  of  the  sphincter  ani  are  approximated. 
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PLATE  6 

Fig.  6.  The  final  stage  of  the  operation  consisting  of  the  amputation  of  the 
cuff  of  mucosa  containing  the  fistulous  opening  after  which  the  lower  end  of 
the  rectal  tube  is  united  to  the  anal  skin  margin. 
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PLATE  7 
Fig.  7.  The  final  approximation  of  the  skin. 
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THE  USE  OF  TESTS  OF  RENAL  FUNCTION  IN 
CASES  OF  NEPHRITIS^ 

HENRY  A.  CHRISTIAN 
From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hospital,  Boston,  Massachusettt 

In  recent  years  medical  interest  has  been  centered  more  on 
function  than  on  structure.  With  the  kidney  our  earUer  interest 
in  anatomical  structure,  though  continued,  has  become  less  a 
question  of  study  and  discussion  because  our  interest  in  renal 
function  has  been  increased  greatly  as  a  result  of  the  develop- 
ment of  tests  to  measure  it.  In  considering  a  patient  with  a 
diseased  kidney  the  clinician  is  interested  primarily  to  know 
how  well  can  the  kidneys  perform  their  duty  as  excretory  organs 
and  how  long  is  it  likely  that  their  function,  though  decreased, 
is  going  to  meet  the  demands  of  that  particular  individual.  It 
is  of  value  to  know  that  the  kidneys  are  sclerosed  but  it  is  of 
far  more  importance  to  know  that  renal  function  is  reduced 
already  to  one-quarter  of  the  average  normal;  that  this  reduc- 
tion appears  to  be  steadily  progressing;  and  that  of  the  various 
excretory  activities  of  the  renal  parenchyma,  as  an  example, 
elimination  of  sodium  chloride  is  most  imperfectly  carried  out. 

With  the  view  of  knowing  the  functional  capacity  of  the 
kidney  in  a  given  individual  numerous  tests  of  renal  function 
have  been  de\ised.  Some  of  these  soon  have  shown  that  they 
were  unsatisfactory  and  have  been  discarded.  Others,  though 
quite  satisfactory  in  their  results,  have  been  too  cumbersome  or 
their  use  has  been  too  unpleasant  for  our  patients,  and  they  have 
been  discontinued.  A  few  are  reasonably  simple  and  easy  of 
execution  so  far  as  the  patient  is  concerned.  These  have  been 
used  most  extensively.  None  of  them  is  perfect,  and  continued 
investigation  ought  to  yield  better  ones.     Some  have  been  ad- 

*An  address  delivered  before  the  Buffalo  Academy  of  Medicine,  February 
28,  1917. 
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vocated  with  undue  enthusiasm  and  while  very  valuable  have 
failed  to  yield  the  results  claimed  for  them  in  the  beginning. 

Many  of  the  earlier  advocates  of  tests  for  renal  function  had 
the  idea  that  the  kidney's  selective  excretory  power  might  be 
measured  by  various  tests  and  from  the  results  obtained  an 
accurate  anatomical  diagnosis  of  the  distribution  of  structural 
changes  could  be  made.  So  far  this  has  remained  impossible 
and  so  far  as  I  can  see  with  types  of  tests  now  in  use,  refined 
anatomical  diagnoses  on  the  basis  of  functional  tests  cannot  be 
made  or  is  it  likely  that  such  results  will  come  soon. 

The  tests  which  we  are  now  using  for  the  most  part  measure 
total  renal  function;  sometimes  they  indicate  preponderance  of 
injury  in  one  or  another  of  the  renal  structures;  consideration 
of  the  principle  of  selective  renal  excretion  with  our  tests  en- 
ables us  to  subdivide  renal  cases  to  a  certain  extent  and  serves 
as  a  guide  in  the  management  of  the  patients.  This  latter 
phase  of  the  problem  is  probably  the  one  of  which  we  have  least 
knowledge. 

I  will  not  burden  you  with  an  enumeration  of  the  many  tests 
of  renal  function  that  have  been  described,  nor  do  I  expect  to 
discuss  the  underlying  principles  of  these  tests.  The  tests  to 
which  I  will  refer  are  the  ones  which  at  the  clinic  of  the  Peter 
Bent  Brigham  Hospital  have  seemed  most  useful;  they  are  the 
ones  of  which  I  can  speak  with  first-hand  knowledge;  doubtless 
others  are  equally  good;  perhaps  some  are  definitely  better;  a 
number  are  quite  certainly  only  different  ways  of  getting  the 
same  result  and  have  no  particular  advantage  over  the  ones 
we  are  using.  It  has  been  said  in  regard  to  histological  staining 
technique,  that  many  new  methods  are  only  ways  of  staining 
something  blue  that  by  a  former  method  just  as  easily  stained 
red.  In  this  sense  some  of  the  duplication  of  methods  of  testing 
renal  function  has  been  of  no  service. 

In  my  clinic  after  trying  a  variety  of  methods  of  testing  renal 
function,  we  have  come  gradually  to  use  the  following  as  best 
meeting  the  requirements  of  ease  and  comfort  of  execution  and 
of  furnishing  such  data  as  we  need  for  the  management  of  our 
nephritic  patients.     These  methods  are: 
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1.  Phenolsulphonephthalein  elimination. 

2.  Determination  of  the  blood  urea  and  the  rate  of  urea  ex- 
cretion.    (Ambard  coefficient  or  McLean  index.) 

3.  Determination  of  specific  gravity,  sodium  chloride  and 
nitrogen  content  of  urine  collected  in  two-hour  portions  during 
the  day  with  the  patient  on  a  special  diet  (two-hour  test).^  At 
night  one  ten-hour  specimen  is  collected  and  analyzed.  In 
this  test  a  comparison  of  the  day  24  hour  amount  with  the  night 
24  hour  amount  is  of  value. 

4.  The  amount  of  diuresis  produced  by  such  a  diuretic  as 
theocin. 

These  methods  are  fairly  simple;  they  cause  no  great  annoy- 
ance to  the  patient;  they  can  be  carried  out  in  a  short  period  of 
observation;  they  yield  information  of  much  service  in  manag- 
ing nephritic  patients. 

In  applying  tests  of  renal  function  we  should  keep  in  mind 

^In  this  test  at  first  we  used  a  diet  modified  slightly  from  that  used  by 
Schlayer  and  Hedinger  (Deutsch  Arch.  f.  Klin.,  1914,  cxiv,  120).  This  is  described 
in  the  Am.  Jour,  of  Med.  Sciences  (see  Studies  of  Nephritis,  Christian,  Frothing- 
ham,  O'Hare  and  Woods,  Am.  Jour,  of  Med.  Sciences,  1915,  cl,  657).  This  diet 
was  not  palatable  for  our  average  patient  and  so  at  present  we  are  using  a  some- 
what different  diet  as  follows: 

Morning  meal:  Orange  50  grams,  oatmeal  150  grams  and  milk  25  cc,  1  egg 
50  grams,  toast  20  grams  and  butter  5  grams,  sugar  10  grams  and  cream  20  cc. 
to  be  used  with  150  cc.  of  tea  or  coffee. 

Mid-day  meal:  Milk  (in  soup)  150  cc,  steak  75  grams,  potato  100  grams  and 
butter  10  grams,  peas  100  grams  and  butter  10  grams,  bread  20  grams  and  butter 
5  grams,  ice  cream  composed  of  milk  100  cc,  cream  20  cc,  sugar  10  grams  and  1 
egg  50  grams,  sugar  10  grams,  NaCl  3.5  grams  (to  be  used  by  patient  on  above 
food)  and  water  500  cc.  with  meal. 

Evening  meal:  Tomatoes  75  grams  and  butter  10  grams,  lettuce  20  grams 
with  celery  50  grams  and  olive  oil  20  cc,  bread  20  grams  and  butter  5  grams, 
baked  apple  100  grams  with  sugar  20  grams  and  cream  20  cc,  water  500  cc.  with 
meal.      250  cc  water  during  evening. 

This  diet  is  similar  to  one  used  by  Mosenthal  (Arch,  of  Int.  Med.,  1915,  xvi, 
733)  in  a  modification  of  the  Schlayer  and  Hedinger  test.  Rather  wide  varia- 
tions in  diets  would  give  very  similar  results  in  the  sense  of  showing  a  depar- 
ture from  the  normal  curves  of  excretion  when  the  kidney  is  diseased.  It  is 
well  to  emphasize  this,  as  the  idea  that  the  test  is  only  possible  when  a  very 
definite  diet  is  used  might  prevent  many  from  applj-ing  the  test.  Very  good 
results  can  be  obtained  with  patients  on  average  normal  diets  in  which  the 
noon-day  meal  contains  the  largest  amount  of  proteid  and  sodimn  chloride. 
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what  information  we  are  seeking  to  obtain  from  them  and 
whether  a  given  test  or  some  other  one  is  most  likely  to  yield  the 
information  sought.  All  four  of  these  tests  may  be  used  in 
some  cases;  in  others  only  certain  ones  can  be  used;  in  certain 
cases  not  all  of  them  need  be  used.  The  tests  should  help  us  as 
to  diagnosis,  prognosis  and  treatment;  about  these  we  desire  and 
can  expect  information.  Perhaps  it  will  be  simpler  if  I  consider 
these  separately  and  illustrate  my  remarks  with  brief  abstracts 
of  cases  which  I  have  observed. 

DIAGNOSIS 

So  far  as  I  know,  the  most  delicate  test  of  renal  damage  that 
we  possess  is  the  presence  of  albumen  and  casts,  leucocytes  or 
red  blood  cells  in  the  urine  in  varying  combination.  They  are 
never  absent  in  all  of  several  specimens  on  different  days  if  there 
is  renal  damage,  though  single  examinations  may  fail  to  reveal 
any  even  in  patients  with  severely  damaged  kidneys.  Their 
presence,  however,  does  not  justify  the  diagnosis  of  nephritis 
unless  supported  by  other  data,  though  their  continued  absence 
justifies  us  in  saying  that  the  kidney  is  free  from  nephritis.  I 
use  the  term  ''nephritis"  here  in  the  sense  of  a  diffuse  progres- 
sive degenerative  or  proliferative  lesion  involving  renal  paren- 
chyma or  interstitial  tissue  or  both.  The  importance  of  making 
repeated  examinations  of  the  urine  for  albumen,  casts  and  cells 
as  the  best  means  of  detecting  renal  damage  is  obvious  from 
what  I  have  just  said. 

If  these  elements  (albmnen,  casts  and  cells)  are  found  in  the 
urine,  how  can  we  prove  or  disprove  the  presence  of  nephritis? 
Here  is  where  the  functional  tests  help  in  diagnosis.  Although 
this  evening  I  am  going  to  confine  my  remarks  to  tests  of  renal 
function  I  wish  to  make  it  clear  that  the  results  from  them  must 
be  evaluated  in  connection  with  the  information  obtained  from 
the  patient's  history  and  from  general  methods  of  examining 
patients. 

I  am  one  of  those  who  believe  firmly  that  no  single  test  is 
pathognomonic  and  that  the  patient  as  a  whole  must  be  con- 
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sidered  every  time.  He  who  sits  in  the  laboratory  and  attempts 
to  diagnosticate  and  prognosticate  in  reference  to  patients  is 
just  as  likely  to  make  grievous  errors  as  he  who  seeing 
the  patient  puts  all  reliance  on  the  "tactus  eruditus"  and  the 
diagnostic  "hunch."  He  who  does  either  to  the  exclusion  of 
the  other  is  likely  to  be  one  whose  mind  and  attitude  is  of  the 
paper-thin  variety  of  narrowness  and  with  such  I  have  no  sym- 
pathy. So  please  remember  that  throughout  my  remarks  I 
intend  that  results  from  testing  renal  function  are  to  be  inter- 
preted in  relation  to  results  obtained  by  other  methods  of  ex- 
amination applied  to  the  patients. 

From  the  point  of  view  of  diagnosis  in  most  cases  of  advanced 
nephritis  functional  t^sts  are  not  needed  because  the  patient's 
condition  is  quite  evident  from  general  methods  of  examination. 
However,  in  the  patient  who  rapidly  or  suddenly  develops  par- 
tial or  complete  unconsciousness,  probably  falls,  recei\'ing  a 
blow  on  his  head,  and  is  seen  for  the  first  time  in  a  stuporous  or 
imconscious  condition,  knowledge  of  the  presence  or  absence  of 
advanced  nephritis  is  of  importance  but  the  diagnosis  is  not 
easily  made.  Most  such  cases  show  albumen  and  casts  in  the 
urine  and  their  blood  pressure  is  high  either  as  a  part  of  a  pre- 
existing vascular  hypertension  or  as  the  result  of  increased  in- 
tracranial pressure.  In  a  series  of  six  cases  of  this  type  recently 
obser^'ed  in  which  there  was  autopsy  confirmation  of  cerebral 
haemorrhage,  all  showed  albumen,  four  had  casts  and  all  had 
hypertension,  the  systolic  pressm-e  being  as  high  as  220,  230, 
240,  260,  270  and  300  mm.  of  mercury  respectively  and  yet 
they  showed  but  little  renal  lesion.  In  this  type  of  case  we 
are  helped  in  making  an  antemortem  diagnosis  of  a  cerebral 
lesion  rather  than  one  of  uremia  by  determining  the  urea 
nitrogen  or  total  non-protein  nitrogen  of  the  blood  and  finding  it 
within  normal  limits  or  but  little  increased  above  the  normal. 
This  is  the  best  test  to  use  under  such  circumstances.  If  the 
patient  lives  long  enough  and  is  not  incontinent  the  'phthalein 
elimination  would  give  valuable  additional  data  and  the  urea 
index  will  add  information.  For  such  a  case  the  two-hour  test 
is  practically  always  inapplicable. 
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The  following  case  will  serve  to  illustrate  how  a  comatose 
patient  may  show  a  considerable  amount  of  albumen  in  the 
urine  and  have  a  high  blood  pressure  when  the  condition  is  the 
result  of  cerebral  haemorrhage  rather  than  nephritis. 

A  Degress  of  32  (med.  no.  5430)  was  brought  to  the  hospital  at  5 
p.m.  and  from  her  friends  the  following  story  was  obtained.  Ap- 
parently she  had  been  in  good  health  until  1  o'clock  when  while  wait- 
ing on  the  table  she  was  taken  suddenly  with  vomiting,  fainted  and 
became  unable  to  talk.  The  vomiting  soon  ceased.  No  convulsions 
were  observed  in  the  patient  and  no  signs  of  paralysis.  Consciousness 
was  regained  shortly  but  inability  to  talk  continued.  When  she  got 
to  the  hospital  she  was  semicomatose  but  could  be  slightly  aroused 
and  could  speak  though  with  difficulty.  Her  pupils  were  dilated  and 
regular.  A  left  divergent  external  strabismus  was  noted.  In  both 
fundi  extensive  fresh  retinal  haemorrhages  were  observed.  Her  heart 
was  moderately  enlarged;  there  were  no  murmurs;  the  rate  was  64. 
The  peripheral  vessels  were  not  sclerosed,  the  systolic  blood  pressure 
was  188;  diastohc  118.  The  lungs  and  abdomen  were  negative. 
There  were  no  signs  of  paralysis.  The  reflexes  generally  were  de- 
creased. The  Kernig  and  Babinski  signs  were  negative.  Her  neck 
was  stiff.  Lumbar  puncture  yielded  bloody  fluid.  Repeated  ophthal- 
moscopic examinations  showed  progressive  increase  in  the  size  of  the 
retinal  haemorrhages.  The  blood  pressure  which  on  admission  was 
188  systolic  in  an  hour  had  increased  to  over  300.  Her  urine  showed  a 
large  trace  of  albumen  (0.5  per  cent)  and  a  few  red  blood  cells.  There 
was  also  a  definite  trace  of  glucose.  Her  blood  urea  nitrogen  was 
normal  (10.95  mgm.  per  100  cc.  of  blood).  The  patient  died  five 
hours  after  admission  and  autopsy  revealed  an  extensive  subdural 
haemorrhage  from  a  ruptured  small  aneurysm  of  the  left  meningeal 
artery.  The  kidney  in  the  gross  appeared  normal  and  microscopically 
there  was  no  definite  nephritis. 

In  another  patient  (med.  no.  5895)  there  had  been  some  blurring  of 
vision  and  occasional  headache  for  a  year.  One  day  at  noontime  he 
felt  rather  out  of  sorts  and  had  a  headache.  This  continued  and  about 
10  p.m.  he  vomited.  A  physician  saw  him  and  noted  that  though  the 
patient  talked  coherently  it  was  with  difficulty.  The  physician  took 
a  specimen  of  urine  which  next  morning  he  reported  as  showing 
Bright's  disease.  During  the  following  day  the  condition  remained 
about  the  same  and  at  6  p.m.  he  was  admitted  to  the  hospital  in  a 
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stuporous  condition.  He  would  respond  to  questions  and  said  he  had 
pain  in  his  head.  His  pupils  were  regular  and  small.  Ophthalmo- 
scopic examination  showed  very  slight  blurring  of  the  disc  margins 
and  some  tortuosity  of  the  arteries.  His  heart,  lungs  and  abdomen 
were  negative.  He  had  marked  Cheyne-Stoke's  respiration.  The 
blood  pressure  was  215  systoHc;  120  diastohc.  His  peripheral  arteries 
were  slightly  thickened  and  his  pulse  rate  was  65.  His  urine  showed 
a  trace  of  albimien  and  a  few  hyaline  casts.  His  blood  urea  nitrogen 
was  not  increased  (18.2  mgm.  per  100  cc.  of  blood).  The  next  day 
his  blood  pressure  rose  to  270  and  then  fell  gradually  to  180,  at  about 
which  level  it  remained  for  several  days.  His  condition  improved. 
Fifteen  days  after  admission  his  condition  became  worse;  his  blood 
pressure  increased  to  240  and  five  days  later  he  died.  At  autopsy 
extensive  older  haemorrhage  was  found  in  the  right  frontal  lobe  of  the 
cerebrum  and  more  recent  haemorrhage  in  the  left  frontal  lobe.  The 
right  sided  haemorrhage  occurred  probably  twenty  days  before  death; 
the  left  sided  one  five.  The  kidneys  showed  a  moderate  degree  of 
chronic  interstitial  nephritis. 

In  this  last  case  the  patient  had  been  sent  in  to  us  as  a  case  of 
uremia.  Throughout  his  stay  he  had  albumen  and  casts  in  his  urine 
and  a  considerable  degree  of  hypertension.  His  blood  urea  was  not 
increased,  and  autopsy  revealed  extensive  cerebral  haemorrhage. 

You  might  say  that  such  a  diagnosis  was  easy  without  renal 
functional  tests.  Perhaps  so,  but  many  such  cases  are  actually 
sent  to  the  hospital  diagnosed  as  uremia  and  reading  text  books 
and  systems  of  medicine  I  am  inclined  to  think  that  many, 
though  of  course  not  all,  cases  there  described  as  so-called  sudden 
uremia  not  preceded  by  convulsions  are  not  uremia  at  all. 
Anyhow  I  am  skeptical  enough  to  be  unconvinced  of  the  diag- 
nosis of  uremia  in  such  cases  unless  postmortem  examination 
has  revealed  both  the  absence  of  cerebral  vascular  lesions  and 
the  presence  of  extensive,  not  slight,  renal  lesions. 

In  cases  in  which  the  urine  shows  a  slight  albuminuria  and 
cylindruria  the  diagnosis  of  slighter  degrees  of  nephritis  is  much 
aided  by  functional  tests.  One  of  the  early  signs  of  renal  in- 
sufficiency is  shown  by  a  tendency  toward  fixation  of  the  speci- 
fic gra\ity  and  percentage  concentration  of  sodium  chloride 
in  the  two-hour  renal  test,  or  by  a  gradual  increase  in  the  night 
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amount  of  urine.  Very  often  this  is  apparent  when  the  ehmi- 
nation  of  'phthalein  is  within  or  very  near  to  normal  figures  and 
there  is  no  increase  in  the  blood  nitrogen. 

In  these  early  cases  of  nephritis  there  is  nearly  always  some 
evidence  of  disturbance  in  the  kidney's  selective  excretory  ac- 
tivity. That  is,  in  one  case  the  change  in  function  is  largely  a 
disturbance  in  water  excretion  or  total  solids  while  in  another 
sodium  chloride  or  nitrogen  excretion  evidences  greater  disturb- 
ance. In  still  other  patients  all  of  these  elements  show  about 
equal  departures  from  the  average  normal  type  of  excretion. 
Usually  nitrogen  elimination  maintains  a  fairly  normal  curve  of 
excretion  after  quite  evident  disturbance  in  the  elimination  of 
water,  total  solids  and  salt  has  taken  place. 

The  following  cases  illustrate  the  type  of  disturbance  shown 
by  the  two-hour  test  of  renal  function  when  the  degree  of  nephri- 
tis is  slight  or  only  moderately  advanced: 

A  patient  of  36  (med.  no.  1946)  gave  a  history  of  dizziness  and 
weakness  in  the  left  side  seven  weeks  before  admission.  A  little  later 
'on  that  day  he  had  a  severe  attack  of  vomiting.  This  weakness  at 
Ifirst  increased  and  then  gradually  decreased.  Seventeen  days  before 
admission  he  awoke  one  morning  to  find  the  right  side  of  his  face  par- 
alyzed. Physical  examination  showed  essentially  negative  findings 
except  for  a  blood  pressure  of  240  systolic;  206  diastolic,  and  hyper- 
active reflexes  on  the  left  side.  Ophthalmoscopic  examination  showed 
essentially  normal  eye  grounds.  The  'phthalein  test  on  November 
25  showed  an  excretion  of  49  per  cent  in  two  hours  and  a  total  non- 
protein nitrogen  in  his  blood  of  28  mgm.  per  100  cc.  His  two-hour 
test  showed  definite  fixation  in  the  specific  gravity  and  the  percent- 
age concentration  of  sodium  chloride  (see  fig.  1).  There  was  also  a 
slight  increase  in  the  night  amount  of  urine.  This  patient  died  six 
months  later  from  what  was  supposed  to  be  pneumonia.  Up  to  the 
time  of  this  acute  infection  vascular  hypertension,  not  nephritis,  had 
iDeen  the  disturbing  factor. 

A  woman  of  40  (med.  no.  2218)  gave  a  history  of  goiter  beginning 
«even  years  before  admission  to  the  hospital  with  prominent  symp- 
toms of  hyperthyroidism.  For  five  years  there  had  been  the  history 
of  repeated  attacks  of  bronchitis.  For  some  time  there  had  been  short- 
ness of  breath  and  palpitation,  also  some  oedema  of  the  legs.     Very 
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Fig.  1.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  in  grams  in  each  two  hour  portion  of 
urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m.  The  solid 
lines  joining  the  dots  in  the  space  of  each  coliunn  give  the  variations  in  the  spe- 
cific gravity  of  the  urine  and  the  percentage  concentration  of  sodium  chloride 
in  each  portion  of  urine.  The  solid  black  column  on  the  right  indicates  the 
night  portion  of  urine,  while  the  column  enclosed  by  the  lines  at  the  same  point, 
indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic  centimeters. 

recently  there  had  been  an  acute  attack  of  bronchitis.  Physical  ex- 
amination showed  signs  of  a  diffuse  bronchitis.  The  heart  was 
enlarged  and  fibrillating.  She  had  a  systoHc  blood  pressure  of  175; 
diastoHc  80.  On  February  18th  the  blood  urea  nitrogen  was  19  mgm. 
per  100  cc.  of  blood.  On  February  23rd  a  phthalein  test  showed  an 
excretion  of  50  per  cent  in  two  hours.  A  two-hour  renal  test  made 
on  February  19  (see  fig.  2)  showed  marked  fixation  of  specific  gra\'ity 
and  a  moderate  fixation  of  the  percentage  concentration  of  sodium 
chloride  and  nitrogen.  The  night  amount  was  not  increased.  She 
had  shght  renal  disturbance  and  definite  cardiac  decompensation. 
A  man  of  67  (med.  no.  2246)  gave  a  history  of  polyuria  dating  back 
five  years  with  occasional  spells  of  dizziness.     For  the  past  few  months 


328 


HENRY  A.  CHRISTIAN 


Fig.  2.  The  series  of  columns  beginning  at  the  left  give  the  amount  of^urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines 
at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 

there  had  been  a  slight  tendency  to  shortness  of  breath.  For  five 
years  he  had  been  on  a  meat-free  diet.  Physical  examination  showed 
a  moderately  enlarged  heart  and  a  systolic  blood  pressure  of  210; 
diastolic  90.  Ophthalmoscopic  examination  was  negative  except  for 
sUght  tortuosity  and  sclerosis  of  the  retinal  arteries.  On  January  31 
the  'phthalein  excretion  for  two  hours  was  21  per  cent  with  a  very 
small  urinary  excretion.  On  January  31st  his  urea  nitrogen  was  18 
mgm.  per  100  cc.  of  blood.  The  two-hour  renal  test  (fig.  3)  showed  a 
small  output  of  urine  and  solids  with  a  rather  fixed  high  specific  grav- 
ity, but  not  much  fixation  in  the  percentage  concentration  of  sodium 
chloride  or  nitrogen.  The  night  amount  was  markedly  increased. 
Here  renal  disturbance  was  greater  than  in  the  preceding  cases. 
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.  Fig.  3.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  colvunn  give  the  variations 
in  the  specific  gravity  of  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the 
lines  at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine 
in  cubic  centimeters. 

A  man  of  52  (med.  dos.  2357  and  2653)  came  to  the  hospital  in 
February,  1915,  complaining  of  shortness  of  breath  and  cough.  For 
about  a  year  he  had  been  troubled  with  cough  and  shortness  of  breath 
with  occasional  attacks  of  nocturnal  dyspnoea.  Recently  he  had  had 
orthopnoea.  Fhj'sical  examination  showed  moderate  cardiac  enlarge- 
ment; a  high  pitched  systohc  murmur  in  the  apex  region;  systohc 
blood  pressure  of  210  and  diastohc  108.  The  lungs  showed  an  emphy- 
sema and  a  chronic  bronchitis.  The  eye  grounds  were  essentially 
normal.  On  February  18th  his  'phthalein  output  was  52  per  cent. 
On  February  19th  his  blood  urea  nitrogen  was  18  mgm.  per  100  cc. 
On  March  2  his  two-hour  renal  test  (fig.  4)  showed  fixation  in  both 
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Fig.  4.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines 
at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 

specific  gravity  and  the  percentage  concentration  of  sodium  .chloride. 
The  night  amount  was  essentially  normal.  On  April  15,  1915,  he 
came  back  to  the  hospital  on  account  of  a  suddenly  developing  attack 
of  weakness  followed  by  headache  and  vomiting.  Physical  examina- 
tion showed  no  change  from  the  preceding  admission.  Here  the  dis- 
turbing factors  did  not  arise  primarily  from  decreased  renal  excretion. 
In  a  man  of  60  (med.  no.  2428)  there  was  a  history  of  recent  mal- 
aise, cough  and  shortness  of  breath.  Physical  examination  showed 
a  moderate  cardiac  enlargement;  systolic  bood  pressure  of  205  and 
diastolic  145.  The  'phthalein  excretion  on  March  14  was  61  per  cent. 
The  blood  urea  nitrogen  on  March  16  was  22.7  mgm.  per  100  cc.  of 
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blood  and  a  two-hour  renal  test  (fig.  5)  on  March  16  showed  pretty 
marked  fixation  in  specific  gravity  without  fixation  in  the  percentage 
concentration  curves  of  sodium  chloride  and  nitrogen.  The  night 
amount  of  urine  was  normal. 


Fig.  5.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
m  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the 
lines  at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in 
cubic  centimeters. 

In  a  woman  of  41  (med.  no.  2473)  there  was  a  urine  which  occasion- 
ally showed  traces  of  albumen  and  a  few  hyaline  casts.  Her  blood 
pressure  was  180,  phthalein  excretion  55  per  cent  in  two  hours,  and 
blood  urea  nitrogen  9.7  mgm.  per  100  cc.  of  blood.  The  two-hour 
renal  test  (fig.  6)  gave  very  slight  fixation  in  the  specific  gravity,  shghtly 
more  in  the  percentage  concentration  of  sodium  chloride  and  none 
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Fig.  6.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  urine  and  the  percentage  concentration  of  sodium  chlo- 
ride and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the  right 
indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines  at 
the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 

in  the  nitrogen.  The  night  amount  of  urine  was  proportionately 
moderately  increased.  A  year  later  this  patient  reported  that  she 
felt  essentially  well. 

This  fixation  in  the  curves  of  excretion,  however,  cannot  be 
considered  in  itself  an  evidence  of  nephritis.  I  have  found  very- 
similar  curves  of  excretion  in  cases  of  pernicious  anaemia  with 
normal  kidneys.  In  a  typical  case  of  pernicious  anaemia  (med. 
no.  4181)  in  a  man  of  51,  when  the  haemoglobin  was  43  per  cent 
and  the  red  blood  cells  2,000,170  the  two-hour  renal  test  on 
April  11  (fig.  7)  showed  marked  fixation  in  the  specific  gravity 
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Fig.  7.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the 
lines  at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine 
in  cubic  centimeters. 


an4  the  percentage  concentration  of  sodium  chloride,  and  an 
increased  night  amount;  whereas  on  May  3,  with  a  haemoglobin 
of  82  per  cent  and  a  red  blood  cell  count  of  3,500,000  there  was 
much  less  fixation  in  both  curves  (fig.  8)  but  still  the  increased 
night  amount  of  urine  persisted. 

These  same  changes  also  occur  in  cases  of  cardiac  decompen- 
sation where  chronic  passive  congestion  of  the  kidney  exists 
rather  than  nephritis.  In  a  typical  case  of  mitral  stenosis  with 
auricular  fibrillation  in  a  man  of  33  (med.  no.  1683)  there  was 
a  'phthalein  excretion  of  43  per  cent  in  two  hours.     The  two- 
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Fig.  8.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines 
at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 


hour  renal  test  (fig.  9)  showed  a  marked  fixation  of  the  specific 
gravity  at  a  high  level  and  also  a  fixation  of  the  percentage 
concentration  of  sodium  chloride  at  a  low  level. 

The  two-hour  renal  test  when  it  shows  a  departure  from  the 
normal  average  type  of  curve  indicates  a  disturbance  of  renal 
function.  Whether  this  disturbance  is  indicative  of  nephritis 
depends  on  a  consideration  of  other  factors  in  the  case.  Again 
let  me  emphasize  the  importance  of  not  placing  too  great  reli- 
ance on  any  single  method  of  studying  a  patient. 

In  some  early  cases  of  nephritis  there  is  an  increased  elimina- 
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Fig.  9.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  in  grams  in  each  two  hour  portion  of 
urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m.  The  solid 
lines  joining  the  dots  in  the  space  of  each  column  give  the  variations  in  the 
specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium  chloride 
in  each  portion  of  urine.  The  solid  black  column  on  the  right  indicates  the 
night  portion  of  urine,  while  the  column  enclosed  by  the  lines  at  the  same  point, 
indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic  centimeters. 

tion  of  water,  salt  and  nitrogen  in  the  earlier  periods  of  the  day 
and  this  renal  hyperirritability  signifies  a  slight  degree  of  renal 
damage.  This  is  well  shown  in  a  man  of  65  (med.  no.  2237) 
with  a  normal  blood  pressure  and  a  'phthalein  excretion  of  60 
per  cent  in  two  hours  (see  fig.  10). 

Sometimes  in  patients  with  more  marked  evidence  of  nephri- 
tis this  same  morning  hyperirritabiUty  is  sho^Ti.  This  is  illus- 
trated by  a  man  of  35  (med.  no.  2132)  with  a  systolic  blood 
pressure  of  240,  a  'phthalein  excretion  of  33  per  cent  in  two 
hours,  and  a  blood  urea  nitrogen  of  29  mgm.  per  100  cc.  of  blood 
(see  fig.  11). 
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Fig.  10.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines 
at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 


In  the  .very  early  stages  of  renal  lesion  the  rate  of  urea  excre- 
tion is  increased  and  the  index  of  excretion  is  high,  often  far 
above  the  normal  of  80  to  120.  This  is  illustrated  by  a  boy  of 
15  (med.  no.  2444)  who  had  albumen  in  his  urine,  no  casts,  a 
'phthalein  excretion  of  62  per  cent  a  blood  urea  nitrogen  of  10 
mgm.  per  100  cc.  of  blood,  pretty  normal  curve  of  excretion 
in  his  two-hour  renal  test  (fig.  12)  and  a  normal  night  amount 
of  urine,  but  who  had  an  index  excretion  of  605  per  cent.  This 
is  also  illustrated  by  a  second  patient,  a  woman  of  33  (med.  no. 
2548),  in  whom  there  was  a  slight  increase  in  blood  pressure. 
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Fig.  11.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines 
at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 

Her  urine  contained  a  very  slight  trace  of  albumen  and  an  oc- 
casional cast.  There  was  a  'phthalein  excretion  of  65  per  cent, 
a  blood  urea  nitrogen  of  9.4  mgm.  per  100  cc.  of  blood  and  a 
two-hour  renal  test  (fig.  13)  showing  no  abnormality  in  the 
curves.     She  had  an  index  of  excretion  of  215  per  cent. 

An  index  of  urea  excretion  above  normal,  however,  is  not 
pathognomonic  of  nephritis.  Such  high  indices  are  found  in 
other  conditions  such  as  fevers  or  in  hyperthyroidism.  In  the 
latter  especially  is  it  very  likely  that  the  high  index  is  a  part  of 
the  increased  rate  or  metabolism  which  we  find  in  patients  with 
hyperthyroidism . 
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Fig.  12.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  the  urine  and  the  percentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines 
at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 

A  little  later  in  an  early  renal  involvement  the  rate  or  urea 
excretion  decreases  and  the  index  falls  below  normal,  though  the 
amount  of  blood  urea  may  be  even  less  than  the  average  normal. 
In  such  a  case  where  the  index  is  high  and  then  gradually  falls 
below  normal  there  is  a  stage  when  the  index  for  a  time  is  normal 
and  yet  it  is  obvious  that  the  kidney  is  damaged.  In  the  later 
stages  of  nephritis  the  index  is  quite  low.  The  determination  of 
the  index  of  urea  excretion  often  is  of  diagnostic  aid  in  cases  of  ne- 
phritis; both  high  and  low  indices  indicate  renal  disturbance,  but 
like  other  tests,  they  are  not  necessarily  pathognomonic  of 
nephritis. 
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Fig.  13.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in^cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  urine  and  the  |>ercentage  concentration  of  sodium 
chloride  and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the 
right  indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the 
lines  at  the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in 
cubic  centimeters. 


Not  infrequently  in  cardio-renal  cases  it  is  not  evident  whether 
the  nephritis  or  the  cardiac  and  renal  circulatory  disturbance  is 
the  important  causative  factor  of  the  oedema.  In  such  patients 
the  urine  is  rich  in  albumen  and  casts,  the  'phthalein  output  is 
decreased  and  the  index  of  urea  excretion  is  lowered.  In  such 
cases  the  diuretic  response  to  drugs  such  as  digitaUs  and  theocin 
is  a  good  test  of  renal  function.  Where  a  prompt  diuresis  can 
be  produced  this  is  good  e\'idence  of  a  kidney  structurally  and 
functionally  fairly  intact  pro^^ded  chronic  passive  congestion 
can  be  decreased  by  proper  cardiac  therapeusis. 
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In  a  man  of  61  (med.  no.  3737)  with  the  physical  signs  of  a 
chronic  myocarditis,  with  a  blood  urea  nitrogen  of  22.7  mgm. 
per  100  cc.  of  blood,  an  index  of  urea  excretion  of  19.9  per  cent 
and  a  'phthalein  excretion  of  30  per  cent  in  two  hours,  theocin 
produced  a  prompt  diuresis;  on  one  occasion  increasing  the 
twenty-four  hour  amount  from  300  to  11,220  cc.  and  on  another 
occasion  from  500  to  3900,  pretty  ;  ood  evidence  that  he  had 
but  slight  nephritis. 

Another  patient  a  man  of  42  (med.  no.  2212)  who  was  a  typical 
case  of  aortic  stenosis  and  insufficiency,  who  had  a  'phthalein 
output  of  only  12  per  cent  in  two  hours  showed  with  theocin 
and  digitalis  a  diuresis,  increasing  the  urinary  output  from  600 
to  3500  cc.  and  from  900  to  4400  cc.  as  examples.  Sometime 
later  this  patient  died  and  his  kidneys  except  for  chronic  passive 
congestion  were  essentially  normal. 

PROGNOSIS 

In  prognosis  these  tests  of  renal  function  are  of  more  prac- 
tical help  than  in  diagnosis.  All  four  of  the  tests  enumerated 
aid  in  prognosis.  The  two-hour  test,  however,  is  not  of  very 
great  service  in  more  advanced  cases  for  as  the  lesion  in  the 
kidney  progresses  the  stage  of  pretty  complete  excretory  fixation 
is  soon  reached  and  beyond  this  there  is  relatively  little  change 
as  the  nephritis  advances.  When  the  two-hour  renal  test  gives 
evidences  of  well  maintained  concentrative  ability  prognosis  is 
good.  When  the  nephritis  progresses  the  curves  gradually  fiat- 
ten  out  and  the  flattened  curves  indicate  a  renal  lesion  that  has 
progressed  beyond  the  early  stages. 

This  is  quite  well  shown  by  one  of  our  patients  a  young 
woman  of  28  (med.  no.  4010)  who  had  had  practically  no  symp- 
toms of  nephritis.  All  her  life  she  had  had  frequent  sick  head- 
aches. There  had  been  no  visual  disturbance  suggestive  of 
nephritis.  Two  years  ago  she  felt  run  down  and  her  physician 
found  urinary  evidence  of  nephritis.  When  seen  by  us  her  physi- 
cal examination  was  essentially  negative  except  for  a  slight 
increase  in  blood  pressure,  140  systolic,  100  diastolic.     Her  urine 


TESTS  OF  RENAL  FUNCTION 


341 


had  a  low  specific  gravity,  1007;  a  moderate  trace  of  albumen 
and  a  very  occasional  cast  'Phthalein  elimination  was  38  per 
cent  in  two  hours  and  her  blood  urea  nitrogen  was  45.6  mgm. 
per  100  cc.  of  blood  with  an  index  of  urea  excretion  of  17.1  per 
cent.     A  two-hour  renal  test  on  January  23  showed  (fig.  14) 


Fig.  14.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  and  nitrogen  in  grams  in  each  two  hour 
portion  of  urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m. 
The  solid  lines  joining  the  dots  in  the  space  of  each  column  give  the  variations 
in  the  specific  gravity  of  urine  and  the  percentage  concentration  of  sodium  chlo- 
ride and  nitrogen  in  each  portion  of  urine.  The  solid  black  column  on  the  right 
indicates  the  night  portion  of  urine,  while  the  column  enclosed  by  the  lines  at 
the  same  point,  indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic 
centimeters. 

marked  fixation  in  the  curve  of  specific  gravity,  sHght  fixation  in 
the  curve  of  percentage  concentration  of  sodium  chloride  and 
of  nitrogen,  and- an  increased  night  amount  of  urine.  In  May 
a  repeated  two-hour  renal  test  showed  no  change.     In  Novem- 


342 


HENEY  A.  CHRISTIAN 


ber  of  the  same  year  the  test  (fig.  15)  showed  progression  in  the 
lesion  by  the  curve  of  percentage  concentration  of  sodium  chlo- 
ride becoming  flattened  out  like  the  earlier  curves  of  specific 
gravity  and  the  night  amount  of  urine  was  still  more  increased. 


Fig.  15.  The  series  of  columns  beginning  at  the  left  give  the  amount  of  urine 
in  cubic  centimeters  and  sodium  chloride  in  g^ms  in  each  two  hour  portion  of 
urine  from  7  a.m.  to  9  p.m.  and  in  the  portion  from  9  p.m.  to  7  a.m.  The  solid 
lines  joining  the  dots  in  the  space  of  each  column  give  the  variations  in  the  spe- 
cific gravity  of  the  urine  and  the  percentage  concentration  of  sodium  chloride 
in  each  portion  of  urine.  The  solid  black  column  on  the  right  indicates  the 
night  portion  of  urine,  while  the  column  enclosed  by  the  lines  at  the  same  point, 
indicates  the  total  twenty-four  hour  amount  of  urine  in  cubic  centimeters. 


Also  the  amount  of  urine  and  amount  of  sodium  chloride  in  each 
two-hour  portion  in  this  last  test  showed  less  variation  than  in 
the  first.  During  this  period  her  blood  pressure  had  not  in- 
creased. Here  we  are  dealing  with  a  slowly  progressing  nephritis 
which  so  far  has  caused  no  very  serious  sjonptohiatic  disturbance 
and  yet  the  renal  lesion  has  progressed  further  than  the  general 
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condition  indicates.  The  two-hour  renal  test  will  be  of  little 
more  help  in  this  case  for  already  the  nephritis  is  far  enough 
advanced  to  give  flattened  curves  of  excretion  with  pretty  uni- 
form concentration  and  amounts  from  two-hour  period  to  two- 
hour  period  throughout  the  day.  The  other  tests  of  renal  func- 
tion need  to  be  used  in  following  her  further  progress. 

In  more  advanced  cases  the  'phthalein  output,  the  rate  of 
nitrogen  excretion  and  its  accumulation  in  the  blood  and  the 
diuretic  "response  to  such  a  drug  as  theocin  are  of  the  greatest 
help  in  estimating  the  severity  of  the  renal  lesion.  In  forming 
any  idea  of  prognosis,  however,  it  is  important  to  repeat  the 
tests  after  an  inter\'al  to  see  whether  the  renal  lesion  has  pro- 
gressed much  in  this  period  of  time.  As  many  of  these  tests 
give  a  numerical  value  to  renal  function,  comparison  of  suc- 
cessive tests  becomes  easy.  Here  again  it  is  necessary  to  inter- 
pret the  results  in  connection  with  other  changes  in  the  patient 
and  to  exclude  a  number  of  extraneous  effects  that  might  lead 
to  misinterpretation  of  renal  tests. 

In  some  cases  of  nephritis  the  advance  of  the  lesion  is  a  steady 
progressive  one.  A  group  of  tests  compared  with  a  second 
group  repeated  after  an  interval  enables  us  to  judge  of  the  prob- 
able duration  of  Ufe  pro^ided  intercurrent  infections  do  not 
lead  to  acute  exacerbations  of  the  nephritis.  It  is  particularly 
in  the  type  of  nephritis  with  little  albumen,  few  casts,  little  or 
no  oedema  and  high  blood  pressure,  that  is  the  type  of  a  chronic 
interstitial  lesion,  that  this  is  apt  to  occur.  With  them  tests  of 
renal  function  give  a  pretty  accurate  measure  of  renal  lesion. 

In  other  cases  progression  is  not  steady  but  by  irregular  exac- 
erbations. This  seems  more  prone  to  occur  in  nephritis  with 
much  albumen,  many  casts,  much  oedema  and  shght  increase  in 
blood  pressure,  the  type  of  a  chronic  parenchymatous  nephritis. 
Here  prognosis  is  far  more  uncertain.  Furthermore  in  this 
group  functional  tests  give  less  accurate  measure  of  renal  dam- 
age. Abnormal  renal  permeabihty  appears  to  combine  with  de- 
fective elimination  to  give  higher  excretory  values  than  the  ex- 
tent of  the  renal  lesion  seems  to  justify.  With  them  the  two- 
hour  test  sometimes  gives  more  e\idence  of  renal  lesion  than  do 
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'phthalein  elimination  and  the  urea  content  of  the  blood  or  index 
of  urea  excretion.  In  this  group,  though  functional  tests  give 
only  moderately  depressed  figures,  we  have  learned  to  set  a 
relatively  poorer  prognosis  for  such  cases. 

The  differences  in  these  two  general  groups  justify  my  pre- 
vious remark  as  to  the  folly  of  attempting  interpretation  of  test 
of  renal  function  without  good  knowledge  of  the  patient's  con- 
dition as  measured  in  other  ways  than  by  tests  of  renal  function. 

Another  fact  must  always  be  kept  in  mind  in  rendering  a 
prognosis.  The  tests  we  are  describing  are  tests  of  renal  func- 
tion; they  justify  only  a  prognosis  in  so  far  as  renal  efficiency  is 
concerned.  We  can  say  in  a  given  case  renal  function  is  fair 
and  is  decreasing  slowly;  with  regard  to  the  kidney  prognosis  is 
good.  That  patient  may  have  a  very  high  blood  pressure  and 
already  show  evidences  of  myocardial  damage  or  of  arterial 
lesions,  so  we  must  give  a  relatively  poor  prognosis  with  regard 
to  length  of  life  because  the  probability  of  cerebral  haemorrhage 
or  cardiac  failure  is  great.  Particularly  the  cerebral  haemor- 
rhage may  occur  at  any  time  and  cut  short  the  individual's  life. 
In  a  sense  such  is  an  accident  and  unpredictable,  but  with  signs 
of  arterial  degeneration  it  becomes  increasingly  probable. 

This  is  quite  well  illustrated  by  a  man  of  53  (med.  no  1340) 
who  came  to  the  hospital  in  June,  1914,  on  account  of  profuse 
nose  bleed.  At  that  time  his  blood  pressure  was  225;  he  had  a 
'phthalein  excretion  of  38  per  cent  in  two  hours  and  a  total  non- 
protein nitrogen  in  his  blood  of  35.2  mgm.  per  100  cc.  The  nose 
bleed  was  stopped  by  cauterization.  Examination  of  the  fundus 
of  his  eyes  showed  one  small  haemorrhage  and  arteries  that  were 
small  and  tortuous  and  the  arteries  showed  a  marked  light 
streak.  He  left  the  hospital  in  good  condition.  His  renal  prog- 
nosis was  regarded  as  relatively  good.  In  June,  1915,  his  phy- 
sician reported  that  he  was  in  the  best  of  health.  In  December, 
1916,  he  developed  a  headache,  rapidly  became  unconscious  and 
died  in  a  short  time.  Autopsy  showed  an  extensive  cerebral 
haemorrhage  with  only  moderate  changes  in  his  kidney. 

In  another  hypertension  patient  with  evidences  of  good  gen- 
eral nutrition  and  viscera  functioning  well,  including  the  kid- 
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ney,  a  far  better  prognosis  should  be  given.  A  most  excellent 
example  of  this  is  in  a  man  of  53  (med.  no.  1955)  who  was  seen 
in  November,  1914,  because  his  blood  pressure  had  been  found 
to  be  high  and  he  had  recently  developed  a  chorioretinitis.  He 
was  a  vigorous,  active  man  who  had  had  no  sjrmptoms.  He  had 
been  in  the  habit  once  or  twice  a  week  of  going  in  swimming 
throughout  the  Winter  and  of  walking  fifteen  to  twenty  miles 
a  day.     He  had  been  temperate  in  his  habits.     At  this  time 
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Fig.  16.  The  series  of  three  columns  beginning  at  the  left  refer  to  the  urine 
portion  collected  from  7  p.m.  to  7  a.m.  The  next  series  of  columns  give  the 
results  of  the  analysis  of  the  urine  collected  in  separate  portions  throughout  the 
day,  and  the  next  succeeding  night.  In  both  of  these  the  columns  give  the 
amount  of  urine  in  cubic  centimeters  and  the  sodium  chloride  and  nitrogen  in 
grams  in  the  different  portions  of  urine.  The  solid  lines  joining  dots  in  the 
space  of  each  column  give  the  specific  gravity  of  the  urine  and  the  percentage 
concentration  of  sodium  chloride  and  nitrogen  in  these  several  portions.  The 
solid  black  column  on  the  right  indicates  the  night  portion  of  urine,  while  the 
column  enclosed  by  the  lines  at  the  same  point,  indicates  the  total  twenty-four 
hour  amount  of  urine  in  cubic  centimeters. 
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he  had  a  systoUc  blood  pressure  of  190,  a  'phthalein  excretion  of 
60  per  cent  in  two  hours;  total  non-protein  nitrogen  in  his  blood 
of  24.5  mgm.  per  100  cc.  and  he  had  a  urine  that  showed  no  al- 
bumin and  very  rare  hyaline  casts.  A  year  later  (med.  no. 
3664)  his  blood  pressure  was  systolic  225;  diastolic  100.  His 
'phthalein  excretion  was  58  per  cent  in  two  hours.  His  blood 
urea  nitrogen  was  14.2  mgm.  per  100  cc.  with  an  index  of  urea 
excretion  of  125  per  cent  and  a  two-hour  renal  test  (fig.  16) 


Fig.  17.  The  series  of  three  columns  beginning  at  the  left  refer  to  the  urine 
portion  collected  from  7  p.m.  to  7  a.m.  The  next  series  of  columns  give  the 
results  of  the  analysis  of  the  urine  collected  in  separate  portions  throughout 
the  day,  and  the  next  succeeding  night.  In  both  of  these  the  columns  give  the 
amount  of  urine  in  cubic  centimeters  and  the  sodium  chloride  and  nitrogen  in 
grams  in  the  different  portions  of  urine.  The  solid  lines  joining  dots  in  the 
space  of  each  column  give  the  specific  gravity  of  the  urine  and  the  percentage 
concentration  of  sodium  chloride  and  nitrogen  in  these  several  portions.  The 
solid  black  column  on  the  right  indicates  the  night  portion  of  urine,  while  the 
column  enclosed  by  the  lines  at  the  same  point,  indicates  the  total  twenty-four 
hour  amount  of  urine  in  cubic  centimeters. 


TESTS  OF  RENAL  FUNCTION  347 

which  showed  a  very  moderate  degree  of  fixation  in  the  specific 
gravity  and  other  curves,  and  a  moderate  increase  in  the  night 
amount  of  urine.  A  year  later,  October,  1916,  (med.  no.  5441) 
his  blood  pressure  was  sytohc  222,  diastolic  102.  His  urine 
showed  no  albumen;  no  casts.  His  'phthalein  excretion  was  37 
per  cent  in  two  hours.  His  blood  urea  nitrogen  was  19.5  mgm. 
per  100  cc.  of  blood.  His  index  of  urea  excretion  was  77.5  per 
cent.  His  two-hour  test  was  normal  as  in  the  year  before  (fig. 
17),  except  for  a  greater  increase  in  the  night  amount  of  urine. 
He  still  is  vigorous  and  apparently  in  the  best  of  health,  al- 
though his  tests  show  a  shght  progression  in  his  renal  lesion. 
When  all  is  done  and  said  even  from  careful  tests  of  renal 
function  in  patients  thoroughly  studied  by  modem  methods, 
numerous  errors  in  prognosis  are  still  inevitable.  The  patient 
whose  lease  of  life  seems  at  best  a  short  one  appears  a  year  later 
in  just  as  good  condition,  possibly  better,  than  when  he  left  you 
and  perhaps  a  year  later  again  he  reappears.  Just  why  he  has 
not  progressed  as  predicted  you  do  not  know.  For  some  unex- 
plained reason  his  renal  disease  has  become  stationary.  Another 
patient  in  just  the  opposite  way  fools  you,  your  good  prognosis 
is  a  mistake;  the  mild  renal  lesion  progresses  at  an  extraordinary 
rate  and  your  patient  dies  a  renal  death  long  before  you  had 
anticipated.  However,  such  cases  do  not  make  up  a  very  large 
per  cent  of  renal  cases.  More  often  the  disease  progresses  as 
predicted  and  your  prognosis  based  on  renal  functional  tests  and 
other  data  is  correct. 

TREATMENT 

Tests  of  renal  function  may  aid  in  treatment  in  several  ways. 
In  so  far  as  they  measure  the  extent  and  severity  of  the  renal 
lesion  they  serve  as  a  guide  to  the  amount  of  limitation  that 
should  be  placed  on  the  bodily  activities  of  the  patient.  They 
help  in  determining  such  a  question  as  to  the  advisabiUty  of 
permitting  pregnancy  to  take  place  in  one  who  has  albuminuria, 
pregnancy  becoming  increasingly  undesirable  as  e\ddences  of 
decreased  renal  efficiency  appear  more  and  more  evident  from 
our  tests.     They  may  be  of  much  use  in  guiding  us  as  to  advice 
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to  give  a  patient  with  regard  to  undertaking  business  ven- 
tures, etc. 

Tests  of  renal  function  serve  as  guides  to  dietary  limitations 
for  patients.  It  seems  rational  to  place  stricter  limitations  on 
sodium  chloride  intake  in  patients  whose  functional  tests  show 
a  markedly  decreased  sodium  chloride  elimination.  The  same 
applies  to  proteid  restrictions  in  patients  with  poor  nitrogen 
elimination  and  those  in  whom  nitrogen  accumulation  in  the 
blood  is  taking  place.  Where  the  elimination  of  these  sub- 
stances is  reasonably  good,  there  is  a  distinct  advantage  in  a  more 
liberal  diet.  In  this  phase  of  the  problem  ^ur  practical  knowl- 
edge is  limited  for  very  little  good  observation  over  fairly  long 
periods  is  available  as  a  basis  of  determining  the  value  of  the 
tests  in  these  respects. 

A  knowledge  of  renal  function  is  particularly  useful  in  patients 
with  high  blood  pressure;  when  renal  function  is  reasonably 
good  and  there  are  few  if  any  signs  of  cardiac  deterioration  pa- 
tients of  this  type  should  have  only  slight  restrictions.  In  such 
cases  too  strict  limitations  seen  to  be  directly  harmful.  On 
the  other  hand  when  renal  damage  is  quite  marked  prompt 
restriction  in  diet  and  in  activity  is  very  important  and  when 
carried  out  prolongs  life. 

Renal  function  should  serve  as  a  guide  to  the  use  of  diuretics 
in  patients  with  oedema.  When  renal  function  is  poor  diu- 
retics are  contra-indicated  because  they  seem  definitely  to  cause 
a  still  further  lowering  of  renal  function.  In  such  cases  they 
produce  no  diuresis  and  to  increase  dosage  simply  decreases 
renal  function  further.  In  less  advanced  renal  lesions  diuretics 
produce  a  diuresis,  but  if  continued  too  long  the  diuretic  effect  is 
lost  because  even  in  patients  in  whom  a  diuresis  is  produced  the 
diuresis  is  followed  by  a  lowered  renal  function.  Here  an  inter- 
mittent use  of  diuretics  is  indicated. 

High  figures  for  blood  nitrogen  in  nephritics  serve  as  a  good 
index  for  active  elimination  by  sweating  and  purging  and  for 
bleeding.  With  the  last  frequently  very  striking  improvement 
may  be  obtained  if  bleeding  is  not  postponed  too  long.  Repe- 
tition of  the  tests  indicate  the  efficacy  of  eliminative  treatment. 
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So  far  remedial  measures  appear  to  have  received  less  atten- 
tion in  relation  to  t€sts  for  renal  function  than  have  diagnosis 
and  prognosis.  Particularly  do  we  lack  observations  on  the 
effect  of  restricted  diets  or  forced  fluids,  etc.,  maintained  over 
longer  periods  of  time  in  which  period  tests  of  renal  function  are 
made  as  measures  of  efficacy  of  treatment.  We  assume  that  it 
is  advantageous  to  limit  proteid  intake  in  the  patient  with  ad- 
vanced nephritis;  we  often  observe  striking  progress  in  symp- 
toms when  dietary  limits  are  transgressed,  but  we  have  little 
real  knowledge  of  the  recuperative  power  of  the  kidney  or  its 
ability  to  re-establish  tolerance  if  rested  by  a  restricted  diet,  the 
principle  which  now  governs  our  dietary  regime  for  diabetics. 
There  seems  to  be  need  for  much  careful  investigation  along 
these  lines. 

Tests  for  renal  function  are  reasonably  simple.  The  general 
practitioner  naturally  sees  the  nephritic  from  his  early  stages  to 
the  late;  the  family  physician  if  he  choses  to  learn  and  to  apply 
tests  of  renal  function  is  in  the  best  position  to  work  on  the 
problem  how  most  satisfactorily  to  manage  the  nephritic  by 
dietary  and  other  methods.  The  consultant  and  hospital 
physician  can  do  less  with  this  problem  for  he  but  rarely  can  fol- 
low his  patients  over  the  long  periods  of  time  which  represent 
the  life  history  of  many  chronic  renal  lesions.  The  careful 
method  of  study  that  Mackenzie  carried  out  as  a  country  prac- 
titioner in  England  with  his  cardiac  cases  followed  for  periods  of 
fifteen  to  twenty  years  added  more  new  Ught  on  heart  disease 
than  had  come  in  the  same  period  from  hospital  and  laboratory 
study.  Just  such  a  sort  of  investigation  is  needed  for  nephritics ; 
furthermore  it  is  possible  to  carry  out  such  studies.  The  tests 
of  renal  function  which  I  have  enumerated  above  are  no  whit 
more  difficult  than  the  polygraphic  methods  which  Mackenzie 
used,  in  fact,  devised  for  his  heart  cases.  Here  lies  in  my  judge- 
ment a  profitable  field  of  investigation  for  the  general  practi- 
tioner of  medicine.  To  use  tests  of  renal  function  in  your  pa- 
tients with  nephritis  will,  I  am  sure,  materially  aid  you  in  their 
care. 

Peter  Bent  Brigham  Hospital. 


SEVERE  RENAL  INSUFFICIENCY  ASSOCIATED  WITH 

ATTACKS  OF  URTICARIA  IN  HYPERSENSITIVE 

INDIVIDUALS 

WARFlt]LD  T.  LONGGOPE  and  FRANGIS  M.  RAGKEMANNi 
From  the  Medical  Clinic,  Presbyterian  Hospital,  Columbia  University,  New  York 

Follo\Ning  an  observation  by  one  of  us  (1)  that  repeated  ana- 
phylactic shock  in  rabbits,  dogs,  cats,  and  guinea-pigs  frequently 
results  in  an  injury  to  the  cells  of  the  kidney,  a  series  of  twelve 
cases  of  serum  disease  in  man  was  investigated  by  Rackemann, 
Longcope  and  Peters  (2)  to  determine  whether  there  was  any  in- 
jury to  the  kidney  during  this  illness  which  might  be  determined 
through  a  study  of  certain  renal  functions.  Under  the  conditions 
of  the  observations,  no  constant  or  significant  changes  were  found 
in  the  blood  urea,  or  urea  excretion,  and  in  only  two  cases  was 
the  excretion  of  phthalein  reduced  dming  the  serum  sickness. 
There  was,  however,  a  profound  though  transient  impairment  in 
the  excretion  of  chlorides  and  water.  This  was  thought  to  be  a 
direct  result  of  the  intoxication  in  sermn  disease  and  was  asso- 
ciated with  subcutaneous  oedema.  This  chloride  and  water 
retention  seemed  to  be  due  in  part  to  direct  injury  to  the  body 
tissues  and  in  part  to  impairment  of  kidney  function. 

We  have  shown,  however,  that  the  reaction  of  the  skin  and 
mucous  membranes  is  much  more  violent  in  the  spontaneously 
sensitive  than  in  the  artificially  sensitized  and  it,  therefore, 
seemed  of  importance  to  repeat  similar  observations  upon  pa- 
tients belonging  to  the  latter  group.  In  these  patients  the  tissue 
reaction  to  repeated  intoxications  may  be  very  marked.  This  is 
especially  noticeable  in  chronic  eczema  which  Blackfan  (3)  has 
shown  is  often  associated  \\dth  hj^ersensitiveness  to  some  food 
protein.  In  this  condition  an  actual  chronic  inflammation  of  the 
skin  exists,  and  the  hyperplasia  of  the  lymph  nodes  may  be  ex- 
cessive.    Repeated  attacks  of  asthma  may  lead  to  a  chronic 

*Coolidge  Fellow  in  Medicine. 
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bronchitis  and  it  is  not  inconceivable  that  repeated  injuries  to 
the  kidney  or  liver  may  lead  to  chronic  alteration  in  these  or- 
gans. But  since  all  the  tissues  are  not  equally  affected  in  the 
spontaneously  sensitized  individuals,  one  group  presenting 
symptoms  referable  to  the  skin,  another  to  the  respiratory  tract 
and  still  others  to  the  gastrointestinal  tract,  we  could  only 
expect  the  internal  organs  to  be  affegted  in  a  comparatively 
small  percentage  of  instances. 

We  have  chosen  for  study  cases  that  manifested  such  cu- 
taneous lesions  as  urticaria,  erythema  multiforme  and  eczema. 
In  these  individuals  the  foreign  protein,  if  it  is  the  cause  of  the 
condition,  probably  produces  its  effect  after  absorption  from  the 
gastrointestinal  tract  and  may,  on  this  account,  come  in  contact 
with  the  various  tissues  of  the  body. 

The  actual  frequency  with  which  one  can 'demonstrate  that 
these  skin  affections  are  associated  with  hypersensitiveness  to 
foreign  protein  varies.  In  a  group  of  seventeen  cases  that  we 
have  previously  studied,  twelve  of  which  suffered  from  urticaria, 
one  from  angioneurotic  oedema,  one  from  eczema  and  three  from 
a  combination  of  urticaria  and  mild  purpura,  eight  or  47  per  cent 
gave  a  positive  skin  reaction  to  one  or  more  foreign  proteins. 
The  methods  employed  in  performing  these  reactions  is  described 
elsewhere  (4).  The  proteins  used  for  making  these  tests  was 
the  blood  serum  of  the  horse,  sheep,  beef,  pig,  dog,  cat,  hen,  and 
duck;  egg  white,  cow's  milk,  casein;  extracts  of  crab  meat, 
oysters  and  clams;  phaseolin  and  glutehn,  extracts  of  barley, 
oats,  wheat,  strawberries,  ragweed,  goldenrod  and  redtop.^  The 
skin  reaction  was  positive  in  one  case  to  beef  and  sheep  serum, 
in  one  to  beef  and  pig  serum;  in  one  to  beef  juice  and  eggwhite; 
in  one  to  beef  serum  and  phaseolin;  in  one  to  horse,  sheep,  beef, 
pig  serum  and  crab  extract;  in  one  to  milk  and  rabbit  serum; 
in  one  to  beef  serum,  redtop  and  strawberry  extract,  and  in  one 
to  crab,  oyster  and  clam. 

The  present  study  includes  four  of  these  positive  cases,  one 
negative  case  and  one  case  of  erythema  multiforme  in  which  skin 
reactions  were  not  made.     The  methods  employed  to  study  the 

^  For  the  vegetable  proteins  we  are  indebted  to  Dr.  T.  B.  Osborne  and  Dr. 
H.  G.  Wells;  for  the  pollen  extracts  to  Dr.  Robert  A.  Cooke  of  New  York. 


RENAL   INSUFFICIENCY   WITH   URTICARIA  353 

renal  functions  were  the  following:  the  total  twenty-four  hour 
fluid  intake  and  twenty-four  hour  urine  output,  as  well  as  the 
chloride  intake  and  excretion  w^ere  measured  daily;  the  phthal- 
ein  excretion  was  determined,  the  blood  urea  and  urea  index 
measured  by  the  McLean  formula,  and  in  one  case  the  plasma 
chlorides  studied.  The  abstracts  of  the  histories  of  these  six 
cases  are  as  follows: 

Case  1.  Mrs.  I.,  age  30,  was  admitted  to  the  Presbyterian  Hospital, 
September  12,  1916,  with  a  complaint  of  hives  and  irregular  red  swell- 
ings of  the  skin.  Fifteen  years  previously  she  had  had  hives  with 
swollen  face  which  lasted  over  a  period  of  two  years  and  appeared 
during  this  time  in  daily  attacks.  From  then  until  the  present  time 
she  had  been  perfectly  well.  During  the  summer  she  was  camping 
in  the  woods  where  the  variety  of  food  was  fairly  limited.  One  month 
ago  while  at  camp  she  developed  severe  hives  which  have  persisted 
ever  since.  Physical  examination  showed  nothing  abnormal  except 
the  condition  of  the  skin.  Throughout  the  day  and  night,  irregular 
red  itching  urticarial  wheals  appeared  over  the  body.  Together  with 
this  there  were  larger  white  swellings  which  appeared  about  the  lips 
and  over  the  legs.  Blood  pressure:  Systolic,  110;  diastolic,  68.  Sep- 
tember 14:  Hemoglobin,  90  per  cent;  leucoc3^es,  6600;  polynuclears, 
67  per  cent;  small  IjTnphocytes,  30  per  cent;  large  mononuclear  cells, 
3  per  cent.  Urine:  Specific  gravity,  1030;  straw  colored;  no  albumen; 
no  sugar.     Microscopic  examination:  epithehal  cells  and  leucocytes, 

September  22:  Phthalein,  63  per  cent;  blood  urea,  15  mgm.  per  100 
cc.  Urea  index  excretion,  126.  Patient  gave  positive  skin  reaction  to 
phaseolin  and  beef  serum.  Beef  and  beans  removed  from  diet  with 
rapid  relief  from  urticaria. 

Case  2.  E.  D.,  female,  unmarried,  age  29.  Admitted  to  the  Pres- 
byterian Hospital  June  1,  1916,  with  a  complaint  of  hives  and  swell- 
ing of  the  face.  History  was  unimportant  except  that  she  had  had  sev- 
eral attacks  of  tonsillitis.  For  two  months  she  had  had  recurring 
daily  attacks  of  large  white  soft  swellings  on  the  face,  lips,  eyes  and 
various  portions  of  the  body,  varying  from  the  size  of  a  walnut  to  an 
orange.  Physical  examination  ^owed  no  abnormality  except  for  these 
repeated  attacks  of  angioneurotic  oedema.  The  blood  pressure  was 
rather  low — systohc,  90;  diastohc,  64. 

September  11:  Phthalein,  65  per  cent;  bk>od  urea,  10  mgm.  per  100 
cc;  m'ea  index,  61  per  cent.     Sodium  chloride  was  excreted  normally 
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on  a  fixed  intake,  and  an  addition  of  9  extra  grams  to  the  diet  was 
eliminated  within  thirty-six  hours.  Urine:  Specific  gravity,'  1012- 
1022;  clear;  no  albumen;  no  sugar;  no  casts.  Skin  tests  gave  no 
positive  reactions.     Cause  of  angioneurotic  oedema  undetermined. 

Case  3.  W.  G.  S.,  m^le,  age  27,  single.  Admitted  to  the  Presby- 
terian Hospital  November  13,  1916,  with  a  complaint  of  eczema  which 
he  has  had  since  the  age  of  two  months.  His  maternal  grandfather 
was  always  violently  poisoned  after  eating  egg.  Mother  gave  no 
history  of  any  definite  susceptibility.  Since  the  age  of  two  years  has 
had  several  violent  attacks  of  urticaria,  once  after  eating  an  egg,  and 
once  after  eating  oysters.  Has  had  swelhng  of  the  mouth,  tongue, 
and  lips  after  eating  walnuts  and  fresh  meat.  Eczema  constantly 
since  the  age  of  two  years.  Physical  examination  showed  an  extensive 
eczema,  dermatitis,  and  thickening  of  the  skin  over  the  entire  body 
with  marked  enlargement  of  all  the  superficial  lymph  nodes.  Except 
for  these,  the  physical  examination  showed  nothing  abnormal.  Urine: 
Specific  gravity,  1022;  no  albumen;  no  sugar;  microscopic  examina- 
tion, negative.  On  fixed  chloride  and  water  intake,  excretion  of 
chloride  and  water  was  normal. 

November  14:  Phthalein,  40  per  cent;  blood  urea,  20  mgm.  per  100 
cc;  urea  index,  130. 

November  16:  Phthalein,  55  per  cent.  Plasma  chloride,  5.85 
grams  per  liter.     Marked  skin  reaction  to  eggwhite  and  beef  juice. 

Case  If..  Dr.  S.,  age  32.  Admitted  to  the  Presbyterian  Hospital, 
March  4,  1915,  with  a  complaint  of  albuminuria,  and  casts  in  the 
urine  of  four  months'  duration.  He  had  scarlet  fever  and  diphtheria 
at  the  age  of  eight.  In  May,  1909,  he  had  an  acute  frontal  sinusitis. 
Since  that  time  he  has  had  two  mild  attacks  of  sinusitis  at  intervals  of 
two  years.  Numerous  attacks  of  asthma,  and  of  urticaria  and  asthma 
after  eating  beans.  In  February  1915,  cellulitis  in  the  right  foot, 
from  which  he  recovered  rapidly.  In  September  1915,  he  tasted  by 
mistake  a  small  amount  of  meal  which  contained  pulverized  beans. 
Immediately  afterwards  his  face  became  swollen,  he  had  a  severe- 
attack  of  asthma,  and  then  a  generalized  eruption  of  urticarial  wheals. 
This  lasted  for  several  hours  but  then  rapidly  subsided  and  he  was 
quite  well. the  next  day.  Shortly  after  this  attack  in  November,  he 
experienced  headaches  for  several  days.  He  then  examined  his  urine, 
and  found  for  the  first  time  that  it  contained  large  quantities  of  albu- 
men. He  came  to  the.  hpspital  for  general  investigation.  The  general 
examination  showed  nothing  abnormal  except  for  the  albumen  and 
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casts  in  the  urine.  The  specific  gi*a\nty  averaged  1024.  There  were 
constantly  moderate  amounts  of  albmnen  and  hyaline  and  granular 
casts.  Blood  pressure:  Systohc,  128;  diastolic,  96.  Examination  of 
the  prostate  showed  nothing  abnormal.  Examination  of  the  facial 
sinuses  by  Dr.  Coakley,  showed  them  to  be  normal.  Eye  grounds 
showed  nothing  abnormal. 

March  6:  Phthalein,  52.5  per  cent;  blood  urea,  17  mgm.  per  100 
cc;  urea  index,  102.  The  water  and  chloride  exchange  were  normal. 
Skin  tests  gave  positive  reaction  to  phaseoUn,  redtop,  goldem-od,  rag- 
weed, timothy,  and  strawberries.  Reaction  to  all  other  substances 
negative. 

Case  5.  H.  D.  J.,  a  man  45  years  of  age,  English,  married,  w^as 
admitted  to  the  Presbj-terian  Hospital  June  25,  1916,  complaining  of 
hives.  He  had  two  children,  one  of  whom  had  had  similar  trouble.  Ex- 
cept for  frequent  colds  and  the  attacks  of  urticaria,  he  had  always  been 
well.  The  attacks  of  urticaria  started  twelve  years  ago.  At  first  he 
had  one  attack  a  year  at  no  regular  season.  After  two  or  three  years 
they  recurred  two  or  three  times  a  year.  Now  he  has  at  least  three 
attacks  a  year  which  last  from  thirty-six  to  forty-eight  horn's,  and  on 
three  occasions  recently  they  have  been  followed  by  recurrences  at 
five  to  seven  day  intervals.  He  described  the  attacks  as  follows:  at 
first  there  was  itching  of  the  tongue  and  hps  together  with  an  acute 
corj'za.  This  was  followed  by  swelling  of  the  hps,  throat  and  face. 
At  the  onset  there  was  shght  fever.  Within  a  few  hours  there  was 
nausea  and  vomiting  which  lasted  twelve  to  twenty-four  hours.  The 
face  and  ej-es  continued  swollen.  About  twelve  hours  after  the  onset 
a  profuse  and  extensive  giant  urticaria  appeai'ed  all  over  the  body. 
There  were  no  joint  pains.  Gradually  the  symptoms  subsided  and  the 
patient  was  well  but  weak  at  the  end  of  two  or  three  days.  He  knew 
of  nothing  that  precipitated  the  attacks.  On  admission  he  was  in  the 
midst  of  such  an  attack.  The  e\'es  and  face  were  swoUen.  The  body 
was  covered  with  an  urticarial  ei-uption,  which  involved  the  mucous 
membrane  of  the  mouth.  There  was  no  enlargement  of  lymph  nodes. 
The  general  physical  examination  showed  no  other  abnormalities. 
The  leucoc}-te  count  was  10,100  with  81  per  cent  polymorphonuclears, 
and  19  per  cent  small  lymphoc\i;es.  The  AVassermann  reaction  was 
negative.  The  blood  urea  was  98  mgm.  per  100  cc;  the  index  of 
excretion,  5.47;  the  phthalein,  18  per  cent;  and  large  quantities  of 
albimien  and  casts  were  present  in  the  mine.  Four  days  later,  on 
June'  30,  the  patient  had  recovered.     At  this  time  the  blood  urea  had 
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fallen  to  49  iiigm.  per  100  cc,  the  index  of  excretion  risen  to  62  and 
the  phthalein  excretion  to  37.  After  leaving  the  hospital,  three  remis- 
sions occurred,  the  first  July  4,  the  second  July  10,  the  third  July 
15.     He  returned  to  the  hospital  in  September,    1916,   for  further 


Fig.  1     Case  V 
Distribution  and  extent  of  eruption  during  acute  attack  of  urticaria 


investigation.  He  was  placed  on  a  fixed  diet  containing  60  grams 
of  protein  much  of  which  was  in  the  form  of  beef.  Three  days  after 
admission  the  patient  suddenly  developed  an  attack  of  urticaria  simi- 
lar to  the  one  just  described  (fig.  1).  We  were  fortunate  enough  t^ 
observe  the  patient  through  this  attack.     With  the  onset  of  his  symp- 
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toms  the  chlorides  disappeared  entirely  from  the  urine  and  were  not 
excreted  for  a  week.  The  water  output  diminished,  the  phthalein 
output  fell  from  60  to  28,  the  blood  urea  rose  from  13.3  to  40  mgm. 
per  100  cc,  the  urea  index  fell  from  90  to  1.3  and  the  renal  function 
during  the  attack  was  similar  to  that  of  a  severe  nephritis  with  re- 
tention of  water,  salt  and  nitrogen.     With  recovery  the  nitrogen  and 


Fig.  2    Case  VI 

Distribution,  extent  and  character  of  eruption  during  acute  attack  of  erythema 

multiforme 


salt  were  excreted  in  great  excess  and  the  renal  function  rapidly  re- 
turned to  normal  (see  chart  1.)  A  mild  albuminuria  and  cylindruria 
has,  however,  persisted. 

Further  study  showed  that  this  patient  gave  a  well  marked  skin 
reaction  to  beef  serum  and  a  moderate  reaction  to  sheep  serum  but 
no  reaction  to  the  other  proteins  tested.  On  two  occasions  since 
September  1916  he  has  had  a  mild  recurrence,  one  of  which  came  on 
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after  eating  a  minced  meat  sandwich;  the  other  attack  he  thinks  was 
not  associated  with  the  eating  of  any  form  of  food. 

Case  6.  Mrs.  A.  H.,  age  58.  Admitted  to  the  Presbyterian  Hos- 
pital on  October  2,  1915,  with  a  complaint  of  diarrhoea  and  weakness 
of  five  days'  dm'ation.  The  diagnosis  of  uremia  had  been  made  be- 
fore admission  to  the  hospital.  She  was  married,  had  two  healthy 
children,  had  never  been  ill  before  and  had  never  suffered  from  a 
similar  illness.  Five  days  before  admission  she  had  been  suddenly 
seized  with  chills,  fever,  headache,  and  diarrhoea.  There  had  been 
ten  watery  movements  a  day,  but  no  abdominal  pain.  There  had 
been  no  urinary  symptoms  until  the  day  before  admission,  when  she 
ceased  to  void  urine.  On  admission  the  patient  was  prostrated  and 
had  evidently  lost  weight.  The  skin  was  dry  and  smooth.  The 
general  physical  examination  showed  nothing  further.  The  eye  grounds 
were  normal.  The  blood  pressure  was  130  systolic;  60  diastoUc.  The 
leucocyte  coimt  was  9400;  the  Wassermann  reaction  was  negative; 
100  cc.  of  pale  amber  urine  was  obtained  by  catheter,  it  contained 
much  albumen  and  many  hyaUne  and  granular  casts.  Large  quanti- 
ties of  salt  solution  were  given  by  rectum  and  750  cc.  subcutaneously. 
Her  general  improvement  was  rapid  until  October  8,  six  days  after 
admission  and  eleven  days  after  onset  of  the  diarrhoea,  when  she 
developed  a  profuse  and  generahzed  urticaria  and  erjiihema  which  per- 
sisted for  six  days  until  October  14.  There  were  no  joint  pains.  The 
lymph  nodes  and  spleen  were  not  enlarged.  During  the  period  of 
eruption  the  blood  pressure  was  low,  90  systoUc;  75  diastohc.  The 
leucocytes  which  before  had  been  normal,  rose  at  this  time  to  44,600 
with  76  per  cent  polymorphonuclears.  With  the  disappearance  of  the 
eruption  thej-  fell  rapidly  to  8000  but  at  this  time  the  eosinophiles  rose 
from  2  per  cent  to  form  23  per  cent  of  the  leucocytes.  The  chart 
shows  the  changes  in  concentration  of  blood  urea,  the  index  of  urea, 
excretion  and  the  output  of  phthalein,  water  and  chlorides  during  and 
after  the  illness  (chart  II). 

The  striking  characteristics  are  the  extremely  high  blood  urea  with 
low  index  of  excretion,  low  phthalein  output  and  retention  of  chlorides 
and  water  together  with  the  marked  albuminuria  and  cyhndrm-ia 
during  the  illness  with  rapid  return  to  normal  after  recovery.  Un- 
fortunately, it  was  not  determined  whether  or  not  this  patient  was 
susceptible  to  any  foreign  protein  but  the  clinical  course  of  the  dis- 
ease with  the  appearance  of  eruption  ten  days  after  the  onset  of  the 
first  symptoms  so  closely  simulates  a  severe  serum  sickness,  that 
temporarily  we  have  placed  the  patient  in  this  group  of  cases. 
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The  possibility  that  dehydration  from  loss  of  water  through  diarrhoea 
might  account  for  some  of  these  alterations  has  been  taken  into  ac- 
count, but  the  persistence  of  these  changes  after  the  patient  had  re- 
ceived large  quantities  of  fluid  and  the  absence  of  similar  changes  in 
one  case  of  dysentery  with  severe  diarrhoea,  makes  it  seem  highly 
improbable  that  dehydration  alone  could  have  had  much  influence  in 
producing  the  picture  of  renal  insufficiency  with  nitrogen  retention, 

A  summary  of  the  examination  of  the  urine  and  blood  in  these 
six  cases  is  tabulated  in  table  1. 

The  first  three  cases  may  be  dismissed  without  further  dis- 
cussion, since  the  attacks  of  urticaria,  eczema  and  angioneurotic 
oedema  were  not  associated  with  any  disturbances  in  renal  func- 
tion or  with  retention  of  water,  chlorides  or  nitrogen.  In  the 
fourth  case  the  only  disturbance  in  renal  function  w^as  the  con- 
stant excretion  of  large  quantities  of  albumen  and  of  casts. 
Furthermore  it  cannot  be  definitely  showTi  that  this  condi- , 
tion  was  originally  caused  by  the  anaphylactic  shock  from  which 
the  patient  had  suffered  a  few  months  previously. 

In  the  fifth  and  sixth  cases  there  can  be  no  doubt  that  the 
transient  but  pronounced  nitrogen  and  salt  retention  and  the 
simultaneous  depression  of  the  renal  function  were  directly 
connected  with  the  intoxication  from  which  the  patient  suffered 
and  formed  as  striking  a  part  of  the  disease  as  the  skin  eruption 
itself. 

These  cases  bear  a  close  resemblance  to  the  group  which 
Osier  (5)  has  so  well  described  and  w^hich  are  characterized  by 
recurring  attacks  of  erji;hema,  urticaria,  angioneurotic  oedema 
and  purpura  associated  with  changes  in  the  internal  \dscera. 
Thfe  \'isceral  lesion  in  a  fair  proportion  of  such  cases  is  nephritis. 
Very  little  attention  has,  however,  been  paid  pre\'iously  to  the 
protein  hj^persensitiveness,  the  functional  disturbances  of  the 
kidney  or  to  the  protein  metabolism  in  such  conditions.  Pepper 
(6)  has  recently  reported  an  instance  of  angioneurotic  oedema  in  a 
patient  suffering  from  chronic  nephritis  in  whom  the  attacks  of 
angioneurotic  oedema  were  accompanied  by  a  retention  of  nitro- 
gen. The  retention  was  more  marked  during  the  attacks  than 
in  the  intervening  periods.     The  attacks  were  preceded  by  a 
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decreased  elimination  of  chlorides  and  followed  by  a  corresponding 
excessive  excretion. 

In  our  group  of  cases  it  is  very  probable  that  the  attacks  of 
urticaria,  eczema  and  erythema  in  cases  1,  3,  4  and  5  were  caused 
by  an  intoxication  similar  to  mild  anaphylactic  shock  brought 
about  by  absorption  of  protein  to  which  the  patient  was  naturally 
hypersensitive.  Case  6  is  added  to  this  group  from  analogy,  for 
no  examination  was  made  to  determine  whether  or  not  this 
patient  was  hypersensitive  to  foreign  protein. 

To  explain  the  acute  renal  insufficiency  with  rapid  rise  in 
blood  urea  followed  by  prompt  return  to  normal  conditions  with 
excessive  excretion  of  nitrogen  in  cases  5  and  6,  two  factors  must 
be  taken  into  consideration;  first,  the  general  metabohc  disturb- 
ance; second,  the  actual  kidnej^  insufficiency.  For  it  is  possible 
that  either  one  or  both  of  these  factors  in  combination  may 
have  been  responsible  for  the  condition. 

Studies  by  Major  (7)  of  the  nitrogen  excretion  of  rabbits  dur- 
ing and  after  anaphylactic  shock,  have  shown  that  immediately 
after  the  shock  there  is  a  retention  of  nitrogen  which  gives  place 
in  twenty-four  to  forty-eight  hours  to  an  excretion  in  great 
excess.  The  work  of  Jobling,  Petersen  and  Eggstein  (8)  has 
shown  that  anaphylactic  shock  in  dogs  is  accompanied  by  a  rapid 
rise  in  the  non-coagulable  nitrogen  and  amino  acids  of  the 
blood.  Cooke,  Rodenbough  and  WTiipple  (9)  studying  the 
effect  of  proteose  injections  in  dogs  have  found  during  the 
period  of  intoxication  a  rapid  rise  in  the  non-coagulable  nitro- 
gen of  the  blood.  In  a  later  communication  ^^^lipple  and  Cooke 
(10)  have  shown  that  shortly  after  proteose  injections  in  fasting 
dogs,  there  is  a  well  marked  increase  in  the  excretion  of  nitrogen 
which  continues  three  to  four  days.  Similar  changes  were  ob- 
ser\"ed  in  dogs  after  the  production  of  a  closed  intestinal  loop, 
and  following  intestinal  obstruction  both  in  dogs  and  in  human 
bemgs.  Whipple  and  his  coworkers  do  not  believe  that  the 
alterations  of  protein  metabolism  and  the  increase  in  blood 
nitrogen  can  be  accounted  for  by  a  retention  of  nitrogen,  for  there 
was  no  e\'idence  to  show  that  the  functional  acti\dty  of  the 
kidney  was  impaired,  and  therefore,  conclude  that  these  changes 
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are  dependent  upon  unusual  destruction  of  body  protein  during 
the  proteose  intoxication. 

It  is  highly  probable  that  a  similar  disturbance  in  protein 
metabolism  was  produced  by  the  intoxication  in  cases  5  and  6 
of  this  series  and  that  the  increase  in  blood  urea  and  the  reten- 
tion of  water  and  chlorides  were  not  wholly  dependent  upon  an 
acute  renal  insufficiency.  In  support  of  this  idea  is  the  fact  that 
during  the  period  in  which  chlorides  were  absent  from  the  urine 
in  case  6,  the  concentration  of  chlorides  in  the  plasma  was  ex- 
tremely low,  only  4.8  grams  per  hter,  and  consequently  the 
retention  could  not  be  attributed  at  this  time  to  impermeability 
of  the  kidney  for  chlorides. 

Besides  this  general  disturbance  from  the  intoxication  there 
was  undoubtedly  some  transient  but  severe  injury  to  the  kidney 
which  impaired  its  normal  function.  This  was  evident  from 
the  appearance  of  large  amounts  of  albumen,  and  casts  in  the 
urine,  the  lowered  excretion  of  phthalein  and  the  extremely  low 
index  of  m-ea  excretion.  It  is  obvious  also  from  the  work  of 
Lewis  (11)  that  this  is  the  exact  opposite  of  what  is  found  during 
many  acute  infections  when  the  excretion  of  phthalein  and  urea 
is  above  rather  than  below  normal. 

The  disturbances  produced  by  protein  intoxication  or  anaphy- 
lactic shock  in  the  spontaneously  hypersensitive  individual  seem, 
therefore,  to  produce  a  complicated  effect  disturbing  acutely  not 
only  the  nitrogen  and  chloride  equilibrium  of  the  body  cells  but 
affecting  the  kidney,  as  well,  and  resulting  in  a  transient  renal  in- 
sufficiency. The  combination  of  these  factors  produces  a  pic- 
ture closely  simulating  acute  nephritis  in  some  of  its  phases,  and 
it  is  not  inconceivable  that  attacks  of  this  sort  repeated  often 
enough  or  continued  long  enough  would  result  in  a  condition 
indistinguishable  from  nephritis.  It  is  fairly  certain  that  the 
majority  of  cases  of  acute  nephritis  are  associated  with  an  acute 
infection,  either  local  or  general,  but  it  is  also  quite  certain  that 
metastatic  foci  of  pyogenic  bacteria  in  the  kidney  under  ordi- 
nary conditions  do  not  give  rise  either  to  an  acute  diffuse  neph- 
ritis or  nephrosis.  It  might  be  suggested  that  the  mechanism  is 
much  the  same  as  that  which  takes  place  in  the  individual  hyper- 
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sensitive  to  foreign  proteins.  The  reaction  in  the  kidney  might 
be  closely  analogous  to  the  cutaneous  tubercuhn  reaction,  and 
the  pecuhar  inflammation  of  the  kidney  structures  be  dependent 
upon  an  altered  reaction  or  allergy  of  these  structures  towards  the 
soluble  protein  products  of  bacterial  growth  or  to  the  protein 
of  the  bacterial  bodies  themselves. 

Under  such  conditions  the  typical  inflammatory  reaction  of 
the  glomeruU  or  interstitial  tissue  of  the  kidney  could  occur 
only  when  two  conditions  were  fulfilled,  namelj^,  the  presence  of 
an  infecting  agent  and  an  altered  reaction  of  the  tissues:  an 
allergy  or  hypersensitiveness  to  this  agent. 

SUMMARY 

A  study  of  the  renal  function  in  six  cases  of  urticaria,  four  of 
which  were  hjTDersensitive  to  one  or  more  foreign  proteins,  showed 
more  or  less  profound  disturbances  of  the  functional  activity  of 
the  kidney  in  three  instances. 

In  one  case  the  disturbance  was  limited  to  a  marked  album- 
inuria and  cyUndruria. 

In  two  cases  the  attacks  of  urticaria  and  erythema  were  ac- 
companied by  albuminuria,  cyhndruria,  increase  in  blood  urea, 
profound  depression  of  the  index  of  urea  excretion,  decrease  in 
the  output  of  phenolsulphonephthalein  and  retention  of  chlorides 
and  water. 

These  observations  show  that  during  severe  attacks  of  urti- 
caria and  erythema  multiforme  in  the  spontaneously  sensitive, 
a  much  more  profound  intoxication  of  the  body  tissues  takes 
place  than  can  be  demonstrated  in  the  usual  case  of  serum 
disease. 

It  is  probable  that  the  intoxication  causes  a  general  disturbance 
in  protein  metaboUsm  as  well  as  an  injury  to  the  kidney. 
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LYMPHOID  AND  CYSTIC  BODIES  IN  THE  URETHRA 
AS  AN  EVIDENCE  OF  TUBERCULOSIS' 

P.  S.  PELOUZE 
Philadelphia 

The  early  recognition  of  infection  is  frequently  attended  with 
considerable  difficulty.  The  disease  in  its  initial  stages  may 
cause  few  and  slight  sjonptoms  and  definite  organic  change  be 
impossible  of  demonstration.  In  these  cases,  unfortunately,  it 
frequently  becomes  necessary  to  withhold  our  judgment  until 
further  development  of  the  malady  makes  the  differential  diag- 
nosis possible.  These  difficulties  in  early  diagnosis  are  fre- 
quently encountered  in  tuberculosis  of  the  genito-urinary  tract 
and  there  are  few  diseases  wherein  an  early  recognition  of  the 
condition  is  more  important. 

It  is  probably  safe  to  state  that  renal  tuberculosis  is  rarely 
demonstrated  in  its  first  two  years,  and  often  not  for  five  or  six 
years.  The  treatments  apphed  to  tuberculosis  of  the  bladder, 
prostate  and  seminal  vesicle  before  the  true  nature  of  the  disease  is 
discovered  are  usually  about  the  worst  that  could  be  imagined,  and 
often  are  calculated  to  induce  a  generalized  tuberculosis.  This, 
I  think,  will  be  admitted  by  most  urologists  and  is  ample  argu- 
ment for  the  closest  study  of  the  lesions  I  am  about  to  describe. 
My  own  belief,  based  upon  studies  during  the  last  three  and  one- 
half  years,  is  that,  when  present,  they  are  invariably  local  mani- 
festations of  a  more  or  less  active  tuberculosis  elsewhere  in  the 
body,  and  yet  time  and  future  studies  may  show  that  there  are 
conditions  other  than  tuberculosis  that  can  cause  them. 

If  the  cystoscope,  with  the  lens  on  the  convex  surface,  is  in- 
serted into  the  bladder,  and,  with  the  irrigating  fluid  flomng, 
the  fenestration  is  drawn  into  the  posterior  urethra,  it  will  be 

1  Read,  by  invitation,  before  the  annual  meeting  of  the  American  Urological 
Association  in  Chicago,  April  2,  1917. 
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found  that  a  very  good  view  can  be  obtained,  almost  as  good  as 
that  given  by  the  cysto-urethroscope.  By  rotating  the  instru- 
ment so  as  to  bring  the  lateral  urethral  wall  into  view,  there  will 
occasionally  be  seen  a  number  of  small,  slightly  pedunculated, 
or  sessile,  masses  of  tissue  springing  from  a  mucosa  that  seems 
little,  if  at  all,  inflamed.  These  bodies  vary  considerably  in 
size,    are    of   a   pearly  white,    rarely   red,    color,    and   minute 
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Fig.  1.  The  Usual  Location  of  the  Urethral  Bodies  (Diagrammatic) 

blood  vessels  can  be  seen  traversing  their  smooth  unbroken 
surfaces.  At  an  early  stage,  these  are  apparently  sohd  masses 
of  tissue  that  later  seem  to  undergo  a  cystic  change.  In  this 
cystic  stage  they  are  easily  ruptured,  and  a  whitish  substance 
exudes.  When  ruptured,  they  leave  an  abraded  reddish  surface, 
usually  circular  in  outline,  with  a  small  shred  of  white  tissue  at- 
tached to  the  edge.     Such  areas  may  be  the  only  evidences  of 
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Fig.  2.  Cystoscopic  Appearance  of  the  Lesions 


Fig.  3.  Cystoscopic  Appearance  of  the  Lesions 


370  p.    S.    PELOUZE 

urethral  trouble  and  should  excite  suspicion.  A  future  study 
will,  in  all  probability,  reveal  the  solid  masses  and  the  true 
nature  of  the  condition. 

While  the  location  of  these  bodies  is  usually  upon  the  lateral 
urethral  walls,  just  distal  to  the  vesical  neck,  they  may  occur 
upon  almost  any  portion  of  the  prostatic  urethral  wall  or  veifu- 
montanum.  I  have  observed  them,  upon  one  occasion,  just 
distal  to  the  bulbo-membranous  junction  of  the  urethra.  They 
also  occur  in  the  anterior  trigonal  angle  and  urethra  of  the 
female.  ' 

The  magnification  of  the  cystoscope  for  near  objects,  and  the 
pressure  of  the  irrigating  fluid  and  instrument,  however,  mislead 
as  to  the  true  size  of  the  lesions  and  the  color  of  the  mucosa,  for, 
when  studied  at  autopsy,  the  lesions  are  found  to  be  minute 
excrescences,  measuring  from  1  to  3  mm.  in  diameter.  They 
are  pink  or  yellowish  in  color,  and  surrounded  by  a  distinct  red 
areola. 

Histologically,  as  will  be  seen  by  the  photomicrographs,  they 
are  typically  tuberculous  tissue,  and  show  the  inherent  tendency 
of  such  tissues  to  case  ate.  In  the  zones  surrounding  the  areas 
of  caseation,  tubercle  bacilli  may  readily  be  demonstrated. 

A  persistent  search  upon  my  part  for  a  postmortem  specimen 
was  unsuccessful.  It  has,  however,  been  the  good  fortune  of 
Dr.  Alexander  Randall,  with  his  greater  opportunities  in  this 
field,  to  find  four  such  specimens.  He  has  very  kindly  furnished 
me  with  a  full  description  of  the  first  specimens,  from  which  I 
am  pleased  to  quote  as  follows: 

Male,  white,  26  years  of  age.  Clinical  diagnosis,  pulmonary  tu- 
berculosis. Pathological  diagnosis,  chronic  pulmonary  tuberculosis 
(conglomerate  and  ulcerative) ;  tuberculous  pleurisy,  enteritis,  cystitis, 
urethritis  and  nephritis  (left),  with  the  usual  evidences  of  prolonged 
toxemia  in  other  structures.  Bladder  and  urethra.  At  the  left  ure- 
teral orifice  are  found  two  or  three  small  ulcerations,  practically  con- 
fluent, measuring  7  by  4  mm.,  and  about  1  mm.  in  depth.  The  edges 
are  slightly  undermined,  irregular  and  partially  necrotic.  The  ulcer 
base  is  fairly  clean,  dark  red  in  color,  with  slight  slough;  there  is  a 
moderate  amount  of  injection  of  the  mucous  membrane  about  this 
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Fig.  4.  Cvstoscopic  Appearance  of  the  Lesions,  Showing  Proximity  to  the 

Vesical  Sphincter 


Fig.  5.  Drawing  Made  from  One  op  Dr.  Randall's  Specimens 

The  injection  of  the  urethral  mucosa  around  the  masses  is  distinctly  seen. 
It  is  continued  over  the  trigone,  blending  with  a  red  area  surrounding  the  right 
ureteral  orifice. 
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ulceration.  Higher  on  the  left  wall  of  the  bladder  are  found  three 
small  ulcers,  the  largest  approximately  5  by  3  mm.,  while  on  the  an- 
terior wall,  to  the  right  of  the  midline,  are  four  small  isolated  ulcera- 
tions. The  trigone  supports  one  ulceration  1  cm.  below  the  left  ure- 
teral orifice  and  of  small  dimensions,  while  on  the  uvula  vesicae  a 
pin-head  sized  ulcer  is  found.  There  is  no  diffuse  tuberculous  cystitis. 
The  posterior  urethra  presents  a  solitary  ulcer  on  its  left  wall,  meas- 
uring 5  by  4  mm.  in  extent,  and  similar  in  character  to  those  in  the 
bladder  wall.  Thickly  spread  over  the  posterior  urethra,  especially 
over  the  urethral  trigone  and  right  lateral  wall,  appear  many  small 
papillary  growths  or  excrescences,  usually  about  1  to  2  mm.  in  diam- 
eter. These  excrescences  are  a  pale  creamy  white  in  color,  and 
stand  out  sharply  against  the  injected  mucous  membrane.  They  are 
found  more  or  less  thickly  over  the  entire  posterior  urethra  and  veru- 
montanum,  but  absent  in  the  neighborhood  of  the  above-mentioned 
urethral  ulcer.  The  prostate  and  seminal  vesicles  are  grossly  devoid  of 
tuberculous  involvement. 

A  section  of  tissue  taken  from  the  prostatic  area  of  this  speci- 
men gives  no  hint  of  involvement  beneath  the  mucosa.  The 
accompanying  photo-micrographs,  made  from  these  sections, 
show  very  clearly  the  character  of  the  lesions. 

In  a  previous  article  (The  New  York  Medical  Journal,  Octo- 
ber 16,  1915)  entitled  ''New  Growths  of  the  Prostatic  Urethra 
in  Relation  to  Tuberculosis,"  I  reported  the  histories  and  clinical 
and  laboratory  findings  of  nine  cases.  For  the  purpose  of  mak- 
ing the  present  report  as  complete  as  possible,  I  shall  include 
these  cases.  For  the  sake  of  brevity  they  will  be  tabulated,  as 
the  previous  histories  are  more  or  less  similar. 

That  the  condition  is  by  no  means  a  rare  one  is  evidenced 
by  the  fact  that  in  approximately  3500  cystoscopies  within  the 
last  three  and  one-half  years,  I  have  seen  51  cases.  Of  this 
number,  I  have  had  the  opportunity  to  study  42  cases,  of  which 
37  show  reasonably  certain  evidences  of  tuberculosis.  Five  are 
still  being  studied  for  further  confirmation  of  a  coexisting  tuber- 
culous focus.  Nine  of  these  cases  were  observed  only  once,  and 
did  not  return  for  further  study. 

The  most  striking  points  in  the  entire  group  of  cases  are  the 
following. 
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1.  ^lany  were,  or  had  been,  in  direct  daily  contact  with  cases 
of  tuberculosis. 

2.  Thirty-two  had  had  a  more  or  less  recent  specific  urethritis. 

3.  Almost  all  of  this  latter  number  were  being  treated  for 
''chronic  urethritis." 

4.  The  urine  was  usually  clear  but  contained  shreds. 

5.  An  associated  follicular  prostatitis  was  the  rule. 

6.  Frequency  of  urination  was  present  in  21  cases. 

7.  Burning  pain  in  the  fossa  navicularis  was  present  in  35 
cases,  usually  only  at  urination.  It  was  the  most  common 
symptom  calling  attention  to  the  lesions. 

8.  Burning  pain  at  the  vesical  neck  or  in  the  perineum,  either 
constant  or  intermittent,  was  present  in  19  cases. 

From  the  standpoint  of  symptomatology,  these  patients  can 
be  very  readily  di\'ided  into  four  distinct  groups: 

Group  I.  Those  cases  ^^'ith  a  pre\'ious  history  of  gonorrhea, 
entirely  free  from  subjective  symptoms,  but  with  a  morning 
drop  and  few  shreds  in  the  urine.  These  cases  are  discovered 
onl}^  through  routine  cj'sto-urethroscopic  studies.  Physical  ap- 
pearance rarely  suggests  tuberculosis. 

Group  II.  Those  cases,  with  or  without  a  pre\'ious  gonorrhea, 
in  which  there  is  a  shght  burning  in  the  fossa  na\'icularis  upon 
urination,  a  morning  drop  and  a  shreddy  urine.  The  burning 
suggests  the  ad\-isability  of  study,  and  physical  appearance  only 
occasionally  suggests  tuberculosis. 

Group  III.  Those  presenting  burning  at  the  vesical  neck  and 
occasionally  in  the  fossa  navicularis,  frequency  of  urination,  an 
anterior  discharge  and  a  shreddy  urine.  Physical  appearance 
quite  often  suggests  the  natm-e  of  the  malady. 

Group  IV.  Those  presenting  any  or  all  of  the  foregoing  sjTnp- 
toms  and  a  turbid  m-ine.  The  first  impression  of  these  cases  is 
that  of  a  well-advanced  tuberculosis.     They  are  in  the  minority. 

As  to  the  entire  significance  of  these  lesions,  I  fear  that  it  is 
too  early  to  make  a  positive  and  final  statement.  WTiether  or  not 
future  studies  will  prove  that  they  appear  only  in  certain  cases 
with  renal  tuberculosis  is  a  question  of  much  interest  from  both  a 
diagnostic  and  prognostic  standpoint.     If  time  proves  such  to  be 
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the  case,  their  finding  will  be  a  matter  of  the  greatest  impor- 
tance to  such  patients,  and  that  this  may  be  the  case  is,  in  a 
measm-e,  hinted  by  the  results  of  my  studies.     Three  of  the 
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Fig.  6 
A,  Urethral  mucosa  presenting  two  of  the  excrescences,  B,  portion  of  the 
anterior  prostatic  commissure. 

patients  under  observation  have  developed  unmistakable  signs 
of  renal  tuberculosis  that  could  not  be  found  when  they  were 
first  seen.     The  urethral  lesions  are,  as  a  rule,  what  might  be 
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called  "closed  lesions,"  as  ulcerated  surfaces  can  rarely  be  seen. 
They  probably  are  not  a  common  factor  in  the  appearance  of 
tubercle  bacilli  in  the  urine,  which  is  not  an  uncommon  finding. 


— -Ji. 


Fig.  7.  Highek  MAGMiicATiux  of   Figuri;  6,   Showing   Necrotic  Areas  at 

A   AND  B 


There  is  little  reason  to  believe  that  the  underhdng  prostate  is 
tuberculous,  as  the  lu-ethral  mucosa  alone  seems  involved,  and, 
as  I  have  been  unable  to  find  the  bacilU  in  am-  of  the  expressed 
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prostatic  secretions  examined,  the  natural  assumption  is  that  the 
gland  is  not  a  frequent  source  of  the  organisms.     The  same 


Fig.  8.  Still  Higher  Magnification  of  Upper  Portion  op  Figure  7 
A,  Zones  in  which  tubercle  bacilli  were  demonstrated;  B,  normal  prostatic 


tissue. 


might  be  said  of  the  seminal  vesicles,  as  in  only  two  of  the  cases 
presenting  tubercle  bacilli  in  the  urine  was  there  any  evidence  of 
disease  of  these  structures  obtainable.     I  am  thus  led  to  the  con- 
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elusion  that  these  baciUi  come  either  from  or  through  the  kid- 
ney; that  they  can  pass  through  a  non-tuberculous  kidney  seems 


Fig.  9.  Higher  Magnification  of  Lower  Portion  of  FiotrRE  7 
A,  Zones  containing  tubercle  bacilli;  B,  normal  prostatic  tissue. 

to  be  fairly  well  sho\Mi,  but  that  they  often  do,  is,  I  think, 
doubted  \y\  most  urologists. 

Although  there  may  be  tubercle  baciUi  in  the  whole  urine 
when  these  lesions  are  discovered,  it  is  often  impossible  to  say 
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that  this  or  that  kidney  is  the  seat  of  disease,  as  the  catheter 
specimens  give  no  evidence  of  change,  except,  perhaps,  an  ex- 
cessive number  of  small  epithelial  cells,  the  urea  and  phthalein 
outputs  being  evenly  balanced.  A  slightly  reddened  ureteral 
meatus  upon  one  side  is  often  encountered,  which,  though  sig- 
nificant, is  only  sufficient  to  cast  suspicion  upon  that  kidney, 
for  if  it  is  an  evidence  of  disease,  it  appears  before  such  a  lesion 
can  be  demonstrated  by  diagnostic  means  now  at  our  disposal. 

As  will  be  seen  by  a  study  of  the  tabulated  cases,  the  most 
frequent  demonstrable  accompanying  lesion  has  been  in  the 
lungs,  the  kidney,  the  bladder  and  the  epididymis,  in  the  order 
named. 

From  these  studies,  a  number  of  more  or  less  definite  state- 
ments may  be  made  by  way  of  a  summary: 

1.  There  are  many  cases  of  advanced  urogenital  and  pulmonary 
tuberculosis  in  which  these  lesions  are  not  present.  They  have, 
therefore,  no  negative  value. 

2.  They  are  not  peculiar  to  the  male,  as  case  XXV  was  a 
woman  who  presented  the  lesions  in  the  anterior  trigonal  angle 
and  urethra,  and  had  many  tubercle  bacilli  in  the  urine  from 
each  kidney.  Several  years  ago,  I  recall  having  removed  by 
fulguration  similar  growths  from  the  urethra  of  a  woman,  under 
the  impression  that  they  were  papillomata.  This  woman  now 
has  a  moderately  advanced  tuberculosis. 

3.  At  least  80  per  cent  of  these  patients  were  in  apparently 
robust  health  and  had  never  been  suspected  of  any  form  of 
tuberculosis. 

4.  I  am  of  the  opinion  that  these  bodies  appear  very  early,  and 
they  apparently  persist  throughout  the  entire  course  of  the  tu- 
berculosis. They  have  been  found  in  the  mildest,  as  well  as 
the  most  advanced,  phases  of  the  disease.  With  two  possible 
exceptions,  they  have  not  disappeared  in  any  of  the  cases  I  have 
been  able  to  follow,  and  where  the  cystic  forms  have  been  en- 
tirely broken  up  by  instrumentation,  they  have  recurred  in  less 
than  two  months. 

5.  From  their  absence  one  and  one-half  years  after  a  nephrec- 
tomy in  case  IX,  it  is  evident  that  they  bear  the  same  relation 
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to  such  an  operation  as  does  vesical  tuberculosis,  and  are  in  no 
sense  a  contra-indication  to  it. 

6.  There  is  e\ddence  (cases  V  and  VII)  to  support  the  belief 
that  persistent  prostatic  massage,  though  indicated  by  the  co- 
existent prostatitis,  has  a  decided  tendency  to  hght  up  tuber- 
culous foci  in  other  parts  of  the  body,  particularly  in  the  lungs 
and  epididjTiii. 

7.  Probably  50  per  cent  (or  more)  of  all  cases  of  chronic  folUcu- 
lar  prostatitis,  which  present  as  a  symptom  burning  at  the  vesical 


Fig.   10.  Drawing  from  A,  Figure  8,   Showing  Tubercle   Bacilli  ix  the 

Tissue 

neck  or  in  the  fossa  navicularis,  on  voiding  will  show  these 
urethral  bodies,  and  have  tuberculosis.  This  would  suggest  more 
than  coincidence  as  to  the  role  of  gonorrhea  in  encouraging 
tuberculous  invasion.  Following  this  thought,  it  is  safe  to  say 
that  any  case  presenting  either  of  these  symptoms,  not  directly 
due  to  some  treatment  or  acute  inflannnation,  requires  a  cysto- 
urethroscopic  study,  and  to  withhold  it  is  to  do  the  patient  a 
gross  injustice. 

8.  Sufficient  time  has  not  elapsed  to  venture  an  opinion  as  to 
prognosis,  but  it  has  been  abundantly  impressed  upon  me  that 
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most  of  these  patients  do  very  well  if  local  treatments  to  the 
urethra  and  prostate  are  avoided,  and  anti-tuberculous  treatment 
is  instituted. 

9.  Thirty-seven  out  of  forty-two  cases  studied  showed  strong 
evidence  of  tuberculosis,  and  three  of  the  autopsy  specimens 
found  by  Dr.  Randall  Avere  from  patients  dead  of  the  same  dis- 
ease; sections  of  tissue  removed  from  the  urethrae  of  two  of  the 
living  patients  show  tuberculosis  with  demonstrable  bacilli. 
Therefore,  it  is  felt  that  there  is  ample  evidence  to  support  the 
contention  that  these  bodies  are  truly  a  manifestation  of 
tuberculosis. 

In  these  studies,  I  have  been  particularly  fortunate  in  having 
the  kind  help  of  Dr.  Randle  C.  Rosenberger  with  the  laboratory 
studies,  Drs.  E.  J.  G.  Beardsley  and  G.  H.  Clapp  have  assisted 
me  in  the  medical  aspects  of  the  cases,  and  it  is  a  pleasure  to 
acknowledge  my  indebtedness  to  them.  I  desire,  also,  to  ex- 
press my  thanks  to  Dr.  Alexander  Randall  for  his  very  kind 
and  able  description  of  the  postmortem  specimen  in  his  posses- 
sion, to  Dr.  Wm.  M.  L.  Coplin  for  the  photo-micrographs,  to  Drs. 
R.  M.  Lukens  and  F.  F.  Hanbidge  for  drawings,  to  Drs.  H.  R. 
Loux  and  J.  Chalmers  DaCosta  for  the  privilege  of  reporting 
cases  from  their  respective  services,  as  well  as  Drs.  T.  C.  Stell- 
wagen,  Jr.,  Chas.  W.  Bonney  and  W.  H.  Kinney  for  permission 
to  study  and  report  private  cases  of  theirs. 
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MEDIAN  BARS  AS  FOUND  AT  AUTOPSY^ 

ALEXANDER  RANDALL 

Philadelphia 
From  the  Department  of  Pathology,  Philadelphia  General  Hospital 

I  fear  there  is  very  little  uniformity  of  opinion  as  to  what  con- 
stitutes, and  what  we  individually  mean,  when  we  speak  of  median 
bar  formation.  There  are  already  some  nine  different  titles 
used  by  various  authors  to  designate  apparently  the  same  con- 
dition, and  a  review  of  the  hterature  leaves  one's  mind  in  a 
rather  confused  state  of  misinformation. 

However  on  close  scrutiny  one  finds  that  the  symptomology 
is  well  understood,  the  diagnosis  easy  and  well  defined,  and  the 
treatment  definite  and  its  results  good,  so  that  we  are  left  with 
but  the  gross  and  microscopic  pathology,  and  the  terminology, 
as  bones  of  contention  and  misunderstanding.  WTiat  does  the 
man  mean  who  writes  of  "Sclerosis  of  the  internal  sphincter?" 
Is  he  wTiting  of  the  same  condition  as  the  one  whose  title  is 
"Contracture  of  the  vesical  neck,"  or  he  whose  title  is  "Atrophy 
of  the  prostate,"  or  perhaps  "Atony  of  the  senile  bladder?"  I 
personally  beheve  that  they  are  all  speaking  of  one  and  the  same 
condition,  as  they  individually  met  it  in  their  patients,  that  is 
clinically,  and  the  one  criticism  that  I  would  make  of  the  ma- 
jority of  these  contributions  (and  titles),  is  that  they  are  based 
on  clinical  experience  alone,  unbacked  by  pathologic  study  of  the 
diseased  tissues,  and  yet  have  had  apphed  to  it  titles  that  sig- 
nify the  pathologic  changes  that  are  present,  or  are  supposed  to 
be  present. 

Clinical  terminology  is  very  valuable  and  especially  descrip- 
tive, but  a  very  fickle  mistress  if  not  wedded  to  pathology,  and 
its  use  here  has  led  to  the  confusion  of  ideas  as  to  the  pathology 
of  median   bar   formation.     The   confusion   would   have   been 

'  Read  at  the  meeting  of  the  American  Urological  Association,  Chicago,  1917. 
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avoided  if  others  had  only  followed  the  lead  of  the  original  ob- 
server and  had  applied  but  a  pure  clinical  phrase  or  title  ''Bar 
formation,"  until  they  had  some  definite  microscopic  work  on 
which  to  base  their  assumption  that  it  was  a  certain  pathologic 
change. 

I  thought  when  I  undertook  this  work,  which  consists  of  the 
gross  study  of  prostates  and  bladders  as  they  came  to  autopsy, 
irrespective  of  age  or  clinical  diagnosis,  that  I  had  a  very  good 
and  clear  idea  of  what  a  median  bar  was,  its  appearance,  its 
topography,  its  consistency,  et  cetera,  and  I  was  fortunate  in 
that  the  first  ones  encountered  were  of  the  classical  or  typical 
variety.  This  type  was  the  pure  sclerotic  or  fibrous  variety  of 
median  bar,  and  the  one  which  is  probably  meant  when  most  of 
us  speak  of  median  bar  formation.  But  as  time  went  on  and 
more  specimens  were  encountered,  I  found  that  I  had  to  modify, 
and  still  further  modify,  my  conception  of  what  a  median  bar 
was,  until,  as  I  address  you  today,  I  use  the  term  in  a  very 
broad  sense,  meaning  thereby,  obstructions  involving  the  pos- 
terior vesical  lip,  unassociated  with  changes  of  an  obstructive 
character  elsewhere  in  the  prostate,  bladder,  or  posterior  urethra. 
Very  early  in  the  work  I  was  confronted  by  a  second  type  of 
obstructive  change  that  was  definitely  glandular  in  character 
and  an  hypertrophy.  This  inmaediately  divided  the  bars  into 
two  varieties,  the  fibrous  on  the  extreme  one  hand,  and  the 
glandular  on  the  extreme  other  hand.  As  the  material  accumu- 
lated, borderline  cases  arose,  midway  between  these  two  extremes, 
where  often  with  the  specimen  in  your  hand,  you  could  not  tell 
whether  you  were  dealing  with  the  fibrous  variety  or  the  glandu- 
lar. These  cases  demanded  microscopic  study  and  such  was  un- 
dertaken. The  latter  has  proven  to  a  certain  extent  the  correct- 
ness of  the  deductions  drawn  from  the  gross  macroscopic  study 
alone,  and  has  likewise  shown  that  there  are  borderUne  cases 
where  sclerosis  and  glandular  hypertrophy  are  mixed,  and  hence 
we  cannot  be  too  exacting  in  nomenclature  and  classification. 
For  this  reason  I  have  held  to  a  classification  based  on  the  gross 
pathologic  changes,  rather  than  on  the  microscopic,  as  from  a 
clinical  viewpoint  it  is  the  best  working   basis.     Moreover  I 
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have  also  adhered  to  the  title  "Median  Bar  Formation"  be- 
cause the  work  has  showTi  that  the  pathology  varies,  and  per- 
sonally I  am  strongly  in  favor  of  retaining  this  title,  limiting  it 
by  an  adjective  to  designate  the  type  of  pathologic  change  that 
has  caused  the  bar  in  any  specific  instance.  Likewise  I  will 
describe,  in  the  following  pages,  the  four  main  types  of  obstruc- 
tive changes  that  have  been  encoimtered,  speaking  of  each  as 
though  it  occurred  as  a  pure  pathologic  picture,  but  asking  you 
to  remember  that  though  the  gross  picture  is  frequently  typical 
of  its  type,  the  microscopic  pathology  is  often  mixed. 

There  have  now  been  examined  a  total  of  three  hundred  autopsy 
specimens,  with  ages  varying  from  eighteen  to  eighty-three 
years.     Studying  them  by  decades  we  find  that 

eatet 

From  10  to  20  years  there  were 4 

From  21  to  30  years  there  were 33 

From  31  to  40  years  there  were 59 

From  41  to  50  years  there  were 76 

From  51  to  60  ;^ears  there  were 57 

From  61  to  70  years  there  were 48 

From  71  to  80  years  there  were 15 

From  81  to  90  years  there  were 2 

And  of  age  unknown  there  were 6 

Total 300 

These  three  hundred  autopsy  examinations  have  uncovered 
fifty-four  cases  of  obstruction  at  the  posterior  vesical  hp,  that  is 
specimens  of  median  bar  formation,  under  the  definition  given 
above.  Eighteen  per  cent  of  the  total  number  of  specimens 
examined  showed  obstruction  of  this  type. 

Of  the  fiftj'-four  median  bar  cases,  eighteen  are  recorded  as 
large,  by  which  I  mean  that  there  is  no  doubt  that  the  condition 
as  found  must  have  caused  urinary  obstruction  and  retention, 
and  that  the  size  of  the  bar  and  the  visible  damage  to  the  uri- 
nary tract  above  stood  out  as  a  marked  abnormality  on  exami- 
nation of  the  specimen.  They  represent  6  per  cent  of  the  total 
series  and  occurred  at  ages  varying  from  thirty-six  to  seventy- 
nine  years. 

In  the  remairung  thirty-six  cases  (12  per  cent),  the  bar  is  re- 
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corded  as  small,"  meaning  thereby  that  though  the  abnormality 
was  unmistakable  on  examination,  the  condition  was  not  of  so 
pronounced  a  degree,  nor  was  it  associated  with  other  changes 
that  would  make  me  feel  positive  that  urinary  obstruction  of 
importance  had  yet  occurred.  They  are  simply  the  early  cases, 
where  development  had  not  reached  such  a  degree  as  in  the  pre- 
vious group.  In  these  the  ages  are  recorded  as  from  twenty-six 
to  seventy-four  years. 

The  average  age  for  the  cases  classified  as  large  bars  is  58.4 
years,  and  for  the  small  bars  46.3  years,  a  difference  in  figures 
that  was  to  be  expected,  but  not  to  be  considered  weighty,  ex- 
cept from  the  clinical  and  diagnostic  standpoint,  for  with  but 
few  omissions  they  are  all  within  the  age  when  hypertrophy  of  the 
prostate  may  be  expected  to  be  the  cause  of  the  condition. 

Realizing  that  a  criticism  of  this  way  of  approaching  such  a 
problem  would  be  that  it  is  devoid  of  any  specific  clinical  infor- 
mation in  these  cases  as  to  whether  or  not  there  really  was  any 
urinary  obstruction  present  before  death,  I  have  taken  particu- 
lar pains  in  each  and  every  case  to  find  evidence  of  any  back 
pressure  in  the  bladder,  the  ureters,  or  the  kidneys.  In  the  ma- 
jority of  cases  this  has  been  so  self-evident  as  to  demand  expla- 
nation rather  than  inquiry.  The  presence  of  beginning  mus- 
cular hypertrophy  and  trabeculation  of  the  bladder  wall,  the 
presence  of  a  bas  fond,  diverticular  formation,  or  the  thin-walled, 
dilated  bladder,  are  all  indicative  of  retention  and  back  pressure ; 
likewise  ureteral  dilatation,  varying  grades  of  hydronephrosis,  and 
changes  in  the  renal  parenchyma,  have  been  the  ear-marks  that 
have  helped  to  label  these  gross  pathologic  changes  as  having 
been  obstructive  during  life.  As  an  actual  matter  of  fact,  these 
and  only  these  are  ofttimes  the  stigmata  which  we  use  clinically 
to  diagnose  bar  cases,  and  we  really  only  lack  as  missing  factors 
from  our  symptom  complex  the  demonstration  of  the  presence 
of  residual  urine,  and  the  rather  unreliable  symptom  of  urinary 
frequency  or  difficulty. 

Each  of  the  two  varieties  of  bars — the  fibrous  and  the  glandu- 
lar— have  had  to  be  divided  into  two  subdivisions,  or  subvarieties, 
making  four  types  in  all;  viz. : 
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1.  A  type  of  bar  or  dam,  rising  from,  or  better  stretched  across, 
the  posterior  Up  of  the  vesicle  orifice,  formed  of  firm,  dense, 
sclerotic  tissue,  whose  edge  is  sharp  and  narrow,  and  whose  lat- 
eral terminations  form  an  abrupt  angle  ^dth  the  lateral  walls 
of  the  vesical  outlet.  It  occurs  as  an  abrupt  rise  to  the  normal 
level  course  of  the  posterior  urethra,  and  one  finds  that  the  dis- 
tance from  the  vesical  orifice  to  the  verumontanum — the  so- 
called  lu-ethral  trigone — has  been  markedly  foreshortened  and  in 
typical  cases  the  verumontanum  is  drawn  up  directly  imder  the 
abrupt  rise  that  forms  the  median  bar.  On  cross  section  the 
distance  from  the  vesical  hp  to  the  perivesical  tissue  posteriorly 
is  considerably  increased,  as  is  also  that  from  the  same  surface 
to  the  mass  of  tissue  that  forms  the  posterior  prostatic  com- 
missure. This  latter  distance  is  formed  of  a  striated  fibrous 
tissue  of  dull  white  color,  devoid  of  apparent  gland  elements, 
and  with  fibres  running  parallel  to  its  surfaces  to  meet  at  the 
bar's  free  edge.  It  gives  one  the  impression  of  being  pinched 
up,  or  drawn  together,  rather  than  that  of  proUferative  out- 
growth. 

Microscopic.  The  study  of  sections  of  this  type  of  fibrous  bar 
have  shown  different  degrees  of  an  inflammatory  sclerosis.  In 
the  early  cases  the  inflammatory  reaction  is  hmited  to  islets  of 
round  cell  infiltration  under  the  mucous  membrane  and  at 
scattered  foci,  ofttimes  perivascular,  deeper  in  the  muscular  tissue. 
This  early  stage  is  followed  by  a  gradual  connective  tissue  pro- 
liferation crowding  between  the  muscle  bundles  advancing  as  the 
muscular  tissue  decreases,  and  associated  with  more  or  less  gen- 
erahzed  round  cell  proliferation  throughout  all  layers  and  depths. 
Several  sections  have  been  cut  of  fibrous  bars  which  apparently 
showed  no  inflammatory  reaction,  no  romidcell  infiltration,  et 
cetera,  but  just  a  marked  connected  tissue  proliferation  and 
muscular  atrophy:  it  represents  I  beUeve  an  end  process  with 
the  inflanmiatory  element  quiescent — a  fibrosis — such  as  is  seen 
elsewhere  in  the  body  after  a  chronic  infection  has  run  its  course. 
In  none  of  my  sections  has  the  inflammatory  process  been  lim- 
ited to  the  vesical  hp  region  alone, — I  mean  the  sphincter  muscle 
structure  alone, — ^but  in  the  depths  can  also  be  found  similar 
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changes  going  on  in,  and  around,  the  gland  acini.  At  times  it  is 
a  progressive  sclerosis  with  pressure  atrophy  of  the  acini  and  again 
in  other  sections  it  seems  to  be  associated  with  a  certain  degree 
of  hypertrophic  glandular  changes. 

It  is  my  firm  conviction  from  these  observations  that  the  fibrous 
types  of  median  bars  are  but  the  outward  visible  sign  of  an 
underlying  infectious  process,  a  chronic  prostatitis,  and  is  not  the 
result  of  a  limited  local  lesion. 

Frequency.  There  have  been  four  specimens  of  this  type  classi- 
fied as  large  bars.  They  occurred  at  the  ages  of  58,  60,  65,  and 
67  years.  All  four  had  advanced  chronic  interstitial  nephritis. 
The  youngest  died  in  uremia.  Two  had  markedly  trabeculated 
bladders,  associated  with  diverticula  formation,  and  the  fourth 
had  bilateral  hydronephrosis  and  dilated  ureters.  There  were 
twenty-one  cases  classified  as  small  bars  of  this  type,  varying  in 
age  from  twenty-six  to  seventy-four  years. ^ 

2.  Is  a  type  of  fibrous  bar  whose  projection  has  a  tendency 
upward,  or  vesicalward,  and  seems  to  encroach  upon,  or  draw 
upon,  the  vesical  trigone  more  than  upon  the  urethral  surface. 
It  causes  a  shortening  of  the  vesical  trigone  by  a  transverse 
creasing  or  infolding  of  the  same,  and  it  is  on  this  account  the 
type  more  readily  appreciated  cystoscopically  by  the  deep  de- 
pression where  the  flat  trigone  should  be,  and  by  the  proximity 
of  the  ureteral  orifices  to  the  vesical  orifice.  This  type  has  been 
least  frequently  found  in  this  series,  and  likewise  shows  less  tend- 
ency to  obstructive  changes.  This  subvariety  of  fibrous  bar  is 
not  essentially  different  from  the  first  as  to  its  microscopic  struc- 
ture, it  simply  seems  to  have  expended  its  efforts  in  a  different 
direction,  and  is  not  associated  with  the  urethral  shortening  so 
characteristic  of  Type  1,  but  by  the  aforementioned  trigonal 
change. 

2  The  large  number  of  specimens  here  classified  as  small  fibrous  bars  is  hardly 
a  fair  proportion  to  draw  deductions  from,  for  some  are  there  because  early  in 
the  work  I  had  no  classification  and  close  descriptions  of  the  specimens  are 
absent,  and  secondly  I  feel  sure  that  were  each  and  every  one  sectioned  and 
studied  microscopically  they  would  be  found  (as  some  have  been),  to  belong  in 
other  types.  Judging  them  grossly  I  have  no  alternative  than  to  place  them 
here  and  draw  attention  to  the  fact.' — A.  R. 
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There  have  been  five  specimens  of  bar  of  this  type;  three  classi- 
fied as  large  occurring  at  the  ages  of  55,  65,  and  79  years.  All 
associated  with  chronic  kidney  and  bladder  changes,  and  the 
youngest  with  a  dilated  right  lu-eter.  The  two  classified  as 
small  occiured  at  the  ages  of  forty-three  and  forty-four  years. 

3.  This  is  a  type  of  glandular  bar  where  the  hypertrophic 
process  is  confined  to  the  gland  acini  of  the  posterior  prostatic 
commissure,  inside  the  prostatic  capsule  and  under  the  sphincter 
muscle.  It  raises  the  posterior  vesical  Up  into  a  thick,  broad, 
heavy  obstructing  bar.  I  believe  that  this  is  often  the  most 
prominent  feature  of  a  beginning  general  hypertrophy  of  the 
prostate,  and  is  also  the  early  cause  of  obstruction  to  the  empty- 
ing of  the  bladder.  However  it  is  frequently  unassociated  with 
\T.sible  hypertrophic  changes — grossly — in  the  lateral  lobes,  or 
even  if  so  associated  it  undoubtedly  gives  rise  to  obstructive 
manifestations  long  before  a  correlative  amount  of  hypertrophy 
in  the  lateral  lobes  assumes  any  importance  at  all. 

On  section  in  the  midline  of  one  of  these  bars  there  is  found  a 
covering  layer  of  from  6  to  8  mm.  in  thickness  of  uniform  fibrous 
and  muscular  tissue.  This  is  more  than  occurs  in  a  perfectly 
normal  vesical  Up,  but  not  comparable  with  the  true  fibrous  bars. 
Below  this  is  seen  distinctly  a  circumscribed  area  of  glandular 
tissue,  in  some  cases  2  cm.  in  diameter.  This  appears  whiter 
with  the  tjT)ical  translucent  mottling  and  spheroid  appearance 
of  hypertrophic  prostatic  tissue. 

Apparently  it  is  this  type  of  obstruction  which  has  been  fre- 
quently spoken  of  as  "sphincter  muscle  hypertrophy"  as  if  the 
increase  in  muscle  tissue  was  the  obstructing  feature.  True  it 
is  that  in  such  cases  the  ''punch"  operation  and  others  will 
remove  only  muscle  tissue,  and  will  demonstrate  that  this  mus- 
cle tissue  is  hypertrophied  and  increased  above  the  normal,  but 
when  one  studies  these  cases  from  post  mortem  specimens  it  is 
easy  to  show^  that  the  actual  obstructive  factor  is  the  glandular 
hypertrophy  in  the  prostatic  commissure,  and  that  the  increase 
in  musculature  is  only  an  effort  on  the  part  of  nature  to  over- 
come the  effect  of  the  deep-seated,  hypertrophic,  glandular 
tissue.     Moreover  let  it  be  reaUzed  that  it  is  the  longitudinal 
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detrusor  muscle  (Bqll's  Muscle)  that  is  hypertrophied  and  not 
the  sphincter.     (See  illustrations  nos.  7,  8,  and  9.) 

Microscopic.  This  type  of  bar  has  been  very  easy  to  dem- 
onstrate microscopically  and  in  all  specimens  the  typical  picture 
of  prostatic  hypertrophy  was  found,  limited  to  the  posterior 
prostatic  commissure,  and  within  the  prostatic  capsule.  There 
was  likewise  found  a  simultaneous  association  of  inflammatory 
sclerosis  with  the  hypertrophy  in  all  the  cases  studied  microscop- 
ically of  this  type  of  bar  formation. 

Frequency.  There  were  ten  cases  in  all  put  in  this  classifica- 
tion. This  is  3.3  per  cent  of  the  total  series  of  autopsies.  There 
were  four  cases  classified  as  large  bars,  occurring  at  the  ages  of 
46,  50,  50,  and  56  years.  In  two  it  must  be  granted  that  there 
was  a  slight  degree  of  lateral  lobe  hypertrophy,  but  in  no  wise 
correlative  to  the  size  of  the  large  glandular  bar  and  certainly 
playing  no  part  in  the  bladder  obstruction.  There  were  six 
cases  classified  as  small  bars  of  this  type  occurring  at  the  ages  of 
26,  40,  50,  53,  55,  and  63  years. 

4.  The  type  of  glandular  obstruction — call  it  bar  if  you  will — 
caused  by  the  isolated  hypertrophy  of  Albarran's  subcervical 
glands.  These  hypertrophies  have  proven  to  be  quite  frequent 
and  rarely  develop  as  a  definite  bar  but  rapidly  assume  the 
shape  of  a  perfectly  rounded  lobe  with  deep  lateral  cleftings. 
Several  beautiful  specimens  of  such  isolated  hypertrophies  have 
been  encountered  in  the  series  varying  from  a  small  lobular  mass 
or  nodule  lying  in  the  internal  sphincter's  grasp,  up  to  that  of  a 
large  intra-vesical  lobe,  and  it  has  been  a  matter  of  difficulty  to 
decide  whether  to  group  them  with  the  bar  cases,  where  clini- 
cally they  belong  (when  small),  or  under  prostatic  h3rpertrophy 
which  anatomically  they  are.  The  small  hypertrophies  (ofttimes 
the  most  obstructive)  can  be  dealt  with  surgically  as  though  they 
were  bars,  while  the  large  lobes  demand  procedures  similar  to 
prostatectomy,  and  it  is  to  be  left  to  each  man's  opinion  in  each 
individual  case  where  the  dividing  line  is  to  be  drawn. 

On  section  one  sees  just  immediately  under  the  mucous  mem- 
brane glandular  tissue  of  varying  size  according  to  the  gross 
enlargement  present. 
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Microscopic.  On  section  of  such  a  lobule,  one  sees  under  the 
microscope  a  proUferation  of  gland  acini  a  little  atypical 
from  benign  prostatic  hypertrophy,  in  that  there  seems  to  be 
more  of  a  glandular  hyperplasia — an  actual  increase  in  the 
number  of  gland  tubules — than  a  glandular  hypertrophy  with 
the  typical  finger-like  intra-acinous  projections  that  is  found  in 
the  hj'pertrophic  lateral  lobes.  This  hypertrophy  lies  directly 
under  the  mucous  membrane,  and  in  my  sections  is  again 
associated  with  certain  degrees  of  inflammatory  manifestations. 

Frequency.  The  enlarged  subcer\'ical  lobe  has  been  without 
doubt  the  most  frequent  obstructive  growth  found  in  this  series 
of  autopsies.  However  I  have  included  here  only  those  that 
were  absolutely  devoid  of  any  hypertrophic  changes  in  the  lat- 
eral lobes  and  also  only  those  where  the  growth  could  be  con- 
sidered of  size  compatible  with  operative  procedures  now  in 
vogue  for  the  cure  of  median  bar  formation.  Fourteen  speci- 
mens have  fallen  into  this  group.  Seven,  or  2.3  per  cent  are 
recorded  as  large  and  definitely  obstructive.  They  occurred  at 
the  ages  of  36,  48,  56,  67,  71  and  73  years.  The  ones  classified 
as  small  are  recorded  as  of  43,  47,  51,  54,  56,  62  and  64  years 
of  age. 

CONCLUSIONS 

1.  There  have  been  examined  three  hundred  autopsy  speci- 
mens in  the  adult  male.  They  have  shown  median  obstruction 
to  the  vesical  outlet  in  18  per  cent,  or  fifty-four  cases.  These 
have  been  showTi  to  be  either  (1)  fibrous,  10  per  cent,  or  (3) 
glandular,  8  per  cent. 

2.  The  fibrous  type  of  bar  has  been  sub-divided  into  two 
varieties  according  to  whether  the  process  has  encroached  upon, 
or  drawn  up,  (1)  the  urethral,  or  (2)  the  vesical  surface  in  its 
development.  They  have  been  shown  to  be  the  result  of  an 
inflammatory  reaction  and  to  be  but  a  part  of  a  generahzed 
chronic  interstitial  prostatitis. 

3.  The  glandular  t>T)e  has  also  been  sub-divided  into  two  varie- 
ties according  to  whether  the  hypertrophic  process  is  confined  to 
(3)  the  posterior  prostatic  commissure,  inside  the  prostatic  capsule 
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and  under  the  sphincter  muscle,  in  which  case  a  thick,  broad  bar 
is  formed:  or  (4)  the  sub-cervical  glands  of  Albarran,  occurring 
just  under  the  mucous  membrane  and  within  the  sphincteric 
ring,  and  forming  what  Zuckerkandl  has  so  aptly  called  "pro- 
static hypertrophy  in  miniature,"  i.e.,  a  small  obstructing  lobule. 
Evidences  of  chronic  inflammatory  reaction  has  been  the  rule 
likewise  in  these  glandular  hypertrophies. 

4.  Age  has  not  been  a  differentiating  point  in  any  series  or 
type.  The  youngest  of  the  cases  classified  as  large  bars  of  the 
fibrous  type  was  fifty-five  years  of  age  and  the  oldest  seventy- 
nine  years.  In  the  glandular  types  the  youngest  was  thirty-six 
years  old  and  the  oldest  seventy-three  years,  though  there  were 
three  under  fifty  years  of  age. 

5.  The  frequency  of  any  special  type  of  bar  can  best  be  judged 
from  the  number  of  each  type  classified  as  large  bars  (see  also 
footnote,  page  388).  There  were  seven  large  fibrous  bars  and 
eleven  glandular.  The  most  frequent  single  obstructive  condition 
in  the  entire  series  was  an  hypertrophy  of  the  subcervical  glands 
of  Albarran. 

PLATE  1 

Fig.  1.  Specimen  3927 

Shows  the  normal  bladder  cavity,  trigone,  vesical  orifice,  urethra,  and  pros- 
tate of  a  male,  dying  at  the  age  of  forty-two  years,  as  viewed  when  opened  along 
the  ventral  or  anterior  surface.  Note  size  and  relative  positions  of  ureteral  ori- 
fices, trigone,  uvula  vesicae,  urethral  trigone,  verumontanum,  and  size  of  pros- 
tate. The  proportions  are  drawn  to  the  scale  of  f  of  life  size,  to  which  all  the 
following  illustrations  may  be  compared,  as  the  same  scale  has  been  maintained 
throughout,  with  the  exception  of  Fig.  3,  which  is  given  in  life  size. 

Fig.  2.  Median  Bar;  Fibrous;  Type  1.  Specimen  3850 

F.  H.,  aged  sixty-seven  years.  Entered  the  Men's  Medical  Ward  on  Decem- 
ber 21,  1915.  Profoundly  toxic,  catheterization  necessary,  urinary  output 
small.  Died  December  27,  1915.  Clinical  diagnosis:  Lobar  pneumonia,  chronic 
myocarditis,  chronic  nephritis.  Anatomical  diagnosis:  Lobar  pneumonia, 
pleurisy,  chronic  interstitial  nephritis,  hypertrophy  and  dilatation  of  heart. 
Specimen  shows  good  bar  formation;  urethral  trigone  very  much  shortened  with 
verumontanum  drawn  up  close  under  the  breast  of  the  median  bar.  Vesical 
trigone  and  prostate  normal  in  outline  and  size.  Note  the  abrupt  angle  to  the 
normal  course  of  the  urethra  where  the  bar  occurs.  There  was  likewise  a  diver- 
ticulum in  the  vertex  of  the  bladder  not  shown  in  this  illustration. 
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PLATE  2 

Fig.  3.  Median  Bar;  Fibrous;  Type  1.     Specimen  3850 

Same  as  figure  2,  drawn  after  sagittal  section  of  the  specimen,  giving  in  clear 
detail  the  position  of  the  bar,  character  of  tissue,  location  of  verumontanum,  and 
abrupt  angle  to  the  normal  urethral  course. 

Fig.  4.  Median  Bar;  Fibrous;  Type  1.     Specimen  3871 

M.  G.,  aged  sixty.  Entered  Medical  Ward,  January  14,  1916.  Suffering 
with  an  acute  attack  of  influenza.  Died  January  20,  1916.  Clinical  diagnosis: 
Lobular  pneumonia.  Anatomical  diagnosis:  Lobular  pneumonia,  pleurisy, 
parenchymatous  nephritis,  early  interstitial  nephritis.  Specimen  shows  a 
thick,  short  bar,  with  marked  shortening  of  the  urethral  trigone,  verumontanum 
being  drawn  up  directly  under  the  base  of  the  median  bar  formation.  Prostate 
of  normal  size,  vesical  trigone  of  the  Y-shaped  variety.  Evidence  of  urinary 
obstruction  seen  in  the  formation  of  the  small  diverticulum  in  the  vertex  of  the 
bladder. 
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PLATE  3 

Fig.  5.  Median  Bar;  Fibrous;  Type  2.     Specimen  4164 

J.  O'H.,  aged  sixty-five.  Entered  hospital  April  31,  1916,  as  a  patient  on  the 
Men's  Nervous  Ward,  complaining  of  right  toe-drop.  Discharged  June  22, 
1916.  Be-entered  hospital.  Men's  Medical  Ward,  July  5,  1916,  as  an  indigent 
patient.  Gave  history  of  being  a  heavy  drinker,  denied  lues,  appeared  well  de- 
devloped  and  nourished,  had  right  toe-drop,  and  a  small  ulceration  on  the  dor- 
sum of  the  right  hand.  Physical  examination  negative.  Genitalia  normal, 
rectal  and  vesical  functions  reported  "negative."  Besides  the  symptoms  of 
complaint  he  had  a  small  epigastric  hernia,  and  marked  arterio-sclerosis.  Was- 
sermann  was  negative,  and  urine  showed  a  few  leucocytes  and  epithelial  cells  in 
an  alkaline  medium.  Died  November  29,  1916.  Clinical  diagnosis:  Cerebral 
hemorrhage,  multiple  neuritis,  arteriosclerosis.  Anatomical  diagnosis:  Ditto, 
hypertrophy  and  dilatation  of  heart,  congestion  and  oedema  of  lung,  chronic 
interstitial  nephritis.  Specimen  a  beautiful  example  of  fibrous  median  bar 
formation,  there  is  no  urethral  shortening  but  marked  creasing  of  the  trigone 
and  approximation  of  the  ureteral  orifices  to  the  vesical  orifice;  deep  bas  fond; 
thinned  bladder  wall;  diverticulum  in  the  vertex  of  bladder. 

Fig.  6.  Median  Bar;  Fibrous;  Type  2.     Specimen  3834 

C.  T.,  aged  seventy-six.  Entered  the  hospital  July  17,  1914.  History  highly 
suggestive  of  carcinoma  of  the  oesophagus,  and  after  a  protracted  confinement 
the  patient  died  December  10,  1915.  Clinical  diagnosis:  Carcinoma  of  the 
oesophagus,  chronic  myocarditis,  arteriosclerosis.  Anatomical  diagnosis:  Car- 
cinoma of  the  oesophagus,  stomach  and  liver;  chronic  diffuse  nephritis.  Speci- 
men a  good  illustration  of  bar  formation  and  of  the  second  type  which  is  charac- 
terized by  encroachment  on  the  vesical  trigone,  with  shortening  and  transverse 
creasing  of  it;  rather  than  on  the  urethral  surface.  There  is  a  well-marked 
bas-fond  and  beginning  trabeculation  and  thinning  in  the  bladder  walls.  No 
prostatic  enlargement. 
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PLATE  4 

Fig.  7.  Median  Bar;  Glandular;  Type  3.     Specimen  4123 

G.  F.  H.,  aged  fifty-six.  Entered  the  Men's  Medical  Ward  May  17,  1916, 
complaining  of  shortness  of  breath  and  general  cardiac  symptoms  of  eighteen 
months'  duration.  History  of  a  specific  urethritis  in  youth.  Physical  examina- 
tion reveals  general  symptoms  of  broken  compensation  and  Cheyne-Stokes  res- 
piration. History  notes  urinary  output  as  small,  urine  examihation  shows  low- 
specific  gravity,  trace  of  albumin,  and  a  few  hyaline  casts.  Patient  died  Octo- 
ber 1,  1916.  Clinical  diagnosis:  Myocarditis,  decompensation,  chronic  intersti- 
tial nephritis.  Anatomical  diagnosis:  General  anasarca,  dilatation  of  heart, 
chronic  fibroid  myocarditis,  multiple  pulmonary  infarcts,  chronic  diffuse  neph- 
ritis. The  specimen  is  one  of  glandular  bar  formation  due  to  hypertrophic 
glandular  changes  in  the  posterior  prostatic  commissure.  The  bar  is  thick, 
rounded,  and  firm.  The  bar  has  an  upward  tendency  of  growth  causing,  as  is 
characteristic  of  Type  2,  a  transverse  creasing  of  the  vesical  trigone;  however, 
grossly,  it  in  no  wise  resembles  a  fibrous  type  of  bar.  The  lateral  prostatic 
lobes  are  slightly  enlarged.     The  bladder  wall  decidedly  hypertrophied. 

Fig.  8.  Median  Bar;  Glandular;  Type  3.     Specimen  40V1 

W.  I.  L.,  aged  twenty-six.  Entered  the  Medical  Ward  July  14,  1916,  with 
acute  pulmonary  symptoms.  He  gave  a  history  of  having  had  a  Neisserian  in- 
fection fifteen  years  ago.  There  are  no  genito-urinary  symptoms  recorded  on 
the  history.  He  died  a  typical  pulmonary  death  July  16,  1916.  Clinical  diag- 
nosis: Lobar  pneumonia.  Anatomical  diagnosis:  Lobar  pneumonia,  cloudy 
swelling  of  kidneys.  The  specimen  shows  a  small  bladder  with  thick  (hyper- 
trophied) walls.  There  is  a  definite  bar  at  the  vesical  orifice  of  the  thick 
glandular  type.  The  hypertrophy  of  the  bladder  musculature  has  been  in  an 
effort  to  overcome  the  beginning  obstruction,  and  helped  by  youth  the  com- 
pensation has  apparently  been  complete  to  the  time  of  death.  Section  of  the 
bar  in  the  midline  demonstrated  an  increase  in  the  prostatic  glandular  tissue 
of  the  posterior  commissure,  early  hypertrophy  at  this  point  having  been  re- 
sponsible for  the  bar  formation. 
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PLATE  5 

Fig.  9.  Median  Bar;  Glandular;  Type  3.     Specimen  4039 

F.  K.  B.,  aged  fifty.  Entered  the  Neurological  Ward,  May  30,  1916,  complain- 
ing of  pains  in  his  legs  and  head,  and  an  unsteady  gait.  Only  genito-urinary 
note  in  the  history  is  the  occurrence  of  a  specific  urethritis  six  years  previously. 
Patient  died  in  an  apoplectic  stroke  on  June  9,  1916.  Clinical  diagnosis:  Cere- 
bral hemorrhage.  Anatomical  diagnosis:  Intracranial  tumor,  bronchopneu- 
monia, cloudy  swelling  of  kidneys.  Specimen  is  one  of  the  thick  median  bars 
which  has  been  incised  in  the  midline  to  again  demonstrate  the  hypertrophic 
glandular  tissue  in  the  posterior  prostatic  commissure  as  the  cause  of  the  bar 
formation.  There  is  a  very  slight  amount  of  lateral  hypertrophy,  and  the  bladder 
wall  is  beginning  to  give  way  and  to  dilate,  its  walls  being  considerably  thinned. 

Fig.  10.  Median  Bar;  Glandular;  Type  4.     Specimen  3963 

G.  S.,  aged  fifty.  Entered  the  Insane  Wards,  February  2,  1916.  He  had  been 
picked  up  on  the  street  by  the  police,  gave  evidence  of  having  lived  a  tramp's 
life,  could  give  no  coherent  statement  as  to  his  past  and  lacked  any  knowledge 
of  the  present.  His  history  notes  general  lessening  of  mental  faculties,  restless- 
ness, senility,  and  dementia.  He  is  incontinent.  Wassermann  is  negative. 
Died  March  30,  1916.  Clinical  diagnosis:  Senile  dementia,  arteriosclerosis,  dry 
gangrene  of  right  foot.  Anatomical  diagnosis:  Bronchopneumonia,  chronic 
interstitial  nephritis,  obliterative  arteritis  of  right  posterior  tibial  artery.  Speci- 
men shows  a  small  nodular  hypertrophy  at  the  vesical  orifice.  Behind  this  is  a 
highly  trabeculated  bladder  wall  giving  all  the  necessary  evidence  of  having 
worked  against  a  gradually  increasing  degree  of  obstruction.  This  nodular 
hypertrophy  is  situated  just  under  the  mucous  membrane,  is  not  associated  with 
any  hypertrophy  of  the  prostatic  lobes,  nor  was  there  any  stricture  of  the  urethra 
present.  This  type  of  obstruction  is  due  to  an  isolated  hypertrophy  of  the 
subcervical  group  of  glands  of  Albarran. 
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PLATE  5       . 
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PLATL  0 

Fig.  U.  Median  Bar;  Glandular;  Type  4.     Specimen  3967 

A.  B.,  aged  sixty-seven.  Entered  the  Medical  Ward,  March  20,  1916,  com- 
plaining of  abdominal  pain,  dizziness,  and  paralysis  of  right  leg.  Patient 
found  to  be  very  weak,  pain  in  abdomen  of  five  days'  duration  and  of  shooting 
character.  Inability  to  use  right  leg  of  four  days'  duration  and  gradually  in- 
creasing in  its  extent.  No  venereal  history.  Patient  very  emaciated,  semi- 
comatose, incontinence  of  urine  and  fajces.  Heart  sounds  weak,  chest  negative, 
abdomen  rigid,  but  with  no  localizing  tenderness.  He  became  progressively 
weaker  and  right-sided  hemiplegia  developed,  and  he  died  March  31,  1916. 
Clinical  diagnosis:  Cerebral  thrombosis.  Anatomical  diagnosis:  Bronchopneu- 
monia, chronic  fibrous  pleurisy,  chronic  interstitial  myocarditis,  chronic  valvu- 
litis, arteriosclerosis,  chronic  interstitial  nephritis.  Specimen  shows  a  lobular 
median  obstruction  with  deep  lateral  cleftings.  It  is  superficial  and  covered 
only  by  the  mucous  membrane.  Bas-fond  well  developed,  bladder  walls  hyper- 
trophied,  prostate  normal  in  size.  Like  the  preceding  specimen  it  represents  an 
isolated  hypertrophy  of  the  subcervical  glands  of  Albarran. 
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PRniARY  NON-PAPILLARY  CARCINOMA    OF    THE 
RENAL  PELVIS 

HERMAN  L.  KRETSCHMER 

Urologist  to  Presbyterian  Hospital;  Genito-Urinary  Surgeon  to  Alexian  Brothers 
Hospital,  Chicago,  Illinois 

The  malignant  tumors  of  the  kidney  pelvis  are  usually  of  two 
varieties — papillary  and  non-papillary.  The  papillary  are  be- 
Ueved  to  occur,  or,  at  least,  are  given  credit  for  occurring,  more 
frequently  than  the  non-papillary.  Up  to  1903,  Albarran  and 
Imbert  were  able  to  collect  only  sixteen  cases  of  primary  non- 
papillary  carcinoma  of  the  renal  peUds.  A  careful  re^'iew  of  the 
hterature  since  that  time  brings  the  total  number  of  recorded 
cases  up  to  43,  including  my  case,  reported  below. 

'  CASE    REPORT 

S.  R.,  male,  aged  50,  referred  by  Dr.  Frank  Billings,  was  admitted 
to  the  Presbyterian  Hospital,  July  29,  1916. 

Present  complaint.  The  patient  came  in  for  an  examination  because 
of  an  illness  which  began  in  the  latter  part  of  April,  1916.  This  came 
on  rather  suddenly  in  the  form  of  a  dull  aching  pain  in  the  left  lumbar 
region,  which  was  relieved  by  free  bowel  movements  and  by  hot  appU- 
cations  over  the  belly,  but  which  was  made  worse  by  warm  water  enemas 
and  by  lying  down.  There  was  blood  in  the  urine  coincident  with  this 
pain,  and  blood  in  the  urine  has  recurred  intermittently,  sometimes 
associated  with  like  symptoms  in  the  left  back  and  at  times  without  it. 
He  has  noticed  no  blood  in  the  urine  for  five  weeks.  The  dull  aching 
pain  has  been  present  about  half  of  the  time  since  its  first  appearance. 
This  has  been  associated  with  tenderness  on  pressure  over  the  left 
lower  rib.  He  had  a  poor  appetite  and  was  nauseated  by  food.  Since 
the  onset  of  his  trouble,  he  has  lost  18  pounds  and  his  strength  and 
endurance  have  gradually  decreased.  His  bowels  have  been  constipated 
for  many  years. 
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Previous  illnesses.  In  1900,  the  patient  had  malaria,  and  in  1912, 
he  had  jaundice,  which  lasted  for  seven  weeks. 

Family  history.  His  father,  aged  72,  is  living  and  well.  His  mother, 
aged  67,  is  living  and  well.  Three  brothers  and  a  sister  are  living  and 
well.     One  brother  died  in  infancy  and  one  sister  was  drowned. 

Examination.  The  patient  is  a  rather  pale,  ill-appearing  man.  His 
tonsils  are  moderate  in  size  and  smooth;  his  throat  is  irritable;  his 
teeth  are  in  fairly  good  condition.  He  has  no  goiter  and  no  lymph- 
node  enlargements.  The  heart  and  Imigs  are  negative.  The  liver  is 
palpable  at  end  of  inspiration  and  is  soft  and  normal.  The  lower 
pole  of  the  right  kidney  is  smooth  and  slips  back  into  place.  The 
lower  pole  of  the  left  kidney  is  smooth  and  projects  about  half  an 
inch  below  the  rib.  It  is  twice  its  normal  size  and  is  fixed.  It  is 
moderately  tender  on  pressure.  The  spleen  is  not  palpable.  The 
reflexes  are  normal. 

Rectal  examination.  The  prostate  is  not  enlarged  and  not  hard.  The 
right  seminal  vesicle  is  large,  soft  and  tender;  the  left  is  not  large. 
There  is  no  infiltration  in  the  intervesicular  space. 

Urinalysis.  Specific  gravity,  1020,  alkaline,  no  albumin,  sugar,  casts 
or  blood. 

Blood  examination.  Red  count,  4,300,000;  leukocytes,  11,000; 
hemoglobin,  80  per  cent.     Blood  pressure,  systolic,  120;  diastolic,  75. 

Cystoscopic  examination.  The  bladder  is  negative,  except  for  the 
presence  of  a  small  median  bar.  It  is  impossible  to  pass  a  catheter 
higher  than  1  inch  up  either  ureter,  although  a  bougie  passes  all  the 
way  up  the  left.  Five  attempts  were  made  to  pass  a  catheter  up  the 
ureters  and  each  time  an  apparent  obstruction  to  the  passage  of  the 
catheter  was  encountered.  An  X-ray  bougie  was  passed  as  high  as  the 
kidney  pelvis  on  the  left  side  and  an  X-ray  taken. 

Roentgen-ray  examination.  The  roentgenogram  was  negative  for  the 
presence  of  stones  in  the  urinary  tract.  It  showed  the  bougie  passing 
into  the  renal  pelvis. 

Phenolsulphonephthalein  appeared  in  the  urine  in  nine  and  one- 
half  minutes.  The  output  for  the  first  half  hour  was  24  per  cent;  for 
the  second  half  hour,  26  per  cent;  total  output,  50  per  cent. 

The  urinary  culture  showed  the  presence  of  long  and  short  chains  of 
Gram-positive  streptococci  and  of  Gram-negative  bacilli.  No  tubercle 
bacilli  were  found  in  the  urine. 

Owing  to  the  fact  that  the  catheters  could  not  he  passed  up  the  ureters, 
it  was  impossible  to  carry  out  pyelography. 
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Operation.  August  19,  1916.  Because  of  the  absolute  inability 
to  catheterize  the  right  kidney,  it  was  decided  to  operate  on  that  side 
first.  The  usual  oblique  lumbar  incision  was  made  and  the  presence  of 
the  right  kidney  demonstrated.  A  kidney  normal  in  size  and  appear- 
ance was  found  and  the  wound  was  closed  without  drainage.  Then  the 
left  kidney  was  exposed  by  an  obhque  lumbar  incision.  The  kidney 
was  readih'  exposed  and  was  found  to  be  about  three  times  its  nor- 
mal size.  The  pedicle  was  verj^  thick,  hard  and  infiltrated.  The 
infiltration  extended  along  the  large  vessels  and  downward  toward  the 
pehns.  With  much  difficulty  the  kidney  was  partially  brought  up 
into  the  wound.  A  complete  delivery  of  the  kidney  was  not  possible, 
due  to  the  infiltration  along  the  pedicle.  In  view  of  the  fact  that  it  was 
impossible  to  ligate  the  pedicle  in  a  satisfactory  way,  two  large  right- 
angled  clamps  were  appUed  to  the  pedicle  and  the  kidney  removed. 
Iodoform  gauze  was  packed  into  the  wound.  Clamps  and  gauze  were 
removed  in  thirty-six  hours.  The  patient  made  an  uneventful  recovery 
and  was  discharged  from  the  hospital  on  September  11,  1916. 

Subsequent  course.  The  patient  died  Eebruaiy,  1917,  six  months  after 
operation  and  ten  months  after  the  onset  of  the  first  symptoms.  As  he 
lived  about  200  miles  from  Chicago,  an  autopsy  was  not  obtained. 

Examination  of  specimen  (fig.  1).  The  kidney  is  about  three  times 
its  normal  size.  Its  consistency  is  hard  and  the  surface  is  irregular. 
On  the  surface,  several  white  areas  are  seen.  The  pelvis  feels  very  hard 
and  solid  and  is  very  irregular.  There  are  no  areas  of  fluctuation. 
The  specimen  was  opened  from  pole  to  pole.  The  most  interesting 
part  of  the  specimen  was  the  pelvis,  which  was  nearly  completely  filled 
with  a  very  hard,  white,  irregular  tumor  that  extended  into  the  ureter, 
beyond  the  uretero-pehic  junction.  The  tumor  has  growTi  into  the 
renal  parenchyma;  in  one  area  the  neoplasm  can  be  followed  nearly 
to  the  cortex.  There  are  no  areas  of  hemorrhage  or  calcification  and 
no  signs  of  a  hydronephrosis. 

Microscopic  examination.  This  was  carried  out  by  Dr.  Burrell  O. 
Raulston,  pathologist  of  Presbyterian  Hospital,  who  reported  the  tumor 
to  be  a  medullary  carcinoma. 

ABSTRACTS    OF    CASES    RECORDED    IN    THE    LITERATURE 

In  view  of  the  fact  that  these  tumors  are  rare  and  because  of 
the  fact  that  the  reported  cases  are  very  scattered,  it  was  thought 
ad\'isable  to  collect  the  case  reports,  to  abstract  them  briefly 
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and  to  analyze  the  cases  found.  Doubtful  cases,  in  which  the 
author  does  not  definitely  state  the  point  of  origin  of  the  renal 
cancer,  are  not  included. 

This  paper  will  be  limited  to  a  discussion  of  primary  non- 
papillary  carcinoma  of  the  renal  pelvis,  eliminating  from  con- 
sideration papillary  carcinoma  of  the  renal  pelvis  and  carcinomata 
of  the  upper  end  of  the  ureter. 

For  instance,  Bloch,  reporting  the  operative  results  of  renal 
tumors  from  Israel's  clinic,  cites  126  cases  of  malignant  tumors 
of  the  kidney.  Six  of  these  he  mentioned  as  being  carcinomata. 
But,  unfortunately,  no  mention  is  made  of  the  fact  as  to  whether 
they  were  primary  in  the  renal  parenchyma  or  in  the  renal 
pelvis,  and  for  this  reason  they  are  not  included  in  this  statistical 
study. 

One  case,  that  of  Seenger,  is  not  abstracted  and  is  therefore 
not  included,  owing  to  the  fact  that  the  publication  was 
inaccessible. 

Albarran  . 

Case  1.  Male,  aged  37,  seventeen  months  before  admission  to  the 
hospital,  had  spontaneous  hematuria  with  discharge  of  clots  and  renal 
colic.  Again  five  months  later  he  had  hematuria,  preceded  by  right 
renal  pain,  which  lasted  intermittently  for  eight  days.  Since  then  he 
has  had  hematuria  once  a  week,  often  accompanied  by  long  clots.  At 
examination  it  was  found  that  the  bladder  was  not  bleeding  and  that 
the  right  kidney  was  enlarged.  Nephrectomy  was  performed  and  the 
patient  recovered.  The  kidney  was  converted  into  a  hydronephrotic 
sac  the  size  of  a  large  orange  and  round.  On  cutting  the  wall  no 
vestiges  of  kidney  substance  could  be  found.  At  the  level  of  the 
ureteral  orifice,  obstructing  it  completely,  was  a  nodular  tumor  the  size 
of  a  thumb,  projecting  into  the  interior  of  the  hydronephrotic  sac. 
The  tumor  was  hard,  firm,  homogenous  and  grayish  on  section. 

The  histological  examination  showed  it  to  be  an  alveolar  carcinoma 
with  polymorphous  cells. 

Theodor  Bauer 

Case  2.  Male,  aged  69,  was  admitted  June  14,  1908.  Early  in 
1908  he  began  to  have  pain  in  the  left  upper  quadrant  of  the  abdomen. 
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spasmodic  in  character  and  radiating  toward  the  shoulder  and  pelvis. 
He  had  spontaneous  pain  and  pain  on  pressure  in  the  stomach  region, 
left  epigastrium  and  left  flank,  especially  in  the  left  kidney  region. 
The  roentgenogram  did  not  show  any  concrement  in  the  left  kidney. 
The  patient  died  December  9,  1908.  At  autopsy,  the  left  kidney  was 
found  intimately  adherent  to  the  surrounding  tissues.  The  walls 
of  the  kidney  pelvis  and  calyces  were  almost  entirely  infiltrated  with 
tumor  tissue,  which  had  passed  over  into  the  cellular  tissue  of  the 
kidney  hilus,  completely  replaced  it,  and  infiltrated  the  kidney  paren- 
chjina.  The  tumor  was  grayish  white  in  color.  About  the  middle 
of  the  kidney,  at  the  point  of  greatest  convexity  of  the  lateral  sur- 
face, the  tumor  had  broken  through  the  capsule  and  involved  the 
surrounding  fat.  The  lumen  of  the  left  ureter  was  filled  with  thick 
yellow  pus.  The  mucous  membrane  of  the  ureter  was  nodular  and 
red,  the  upper  7  cm.  were  contracted  and  the  wall  was  infiltrated  with 
tumor  tissue.     The  right   kidney  showed  compensatory  enlargement. 

There  were  metastases  in  the  Uver,  heart,  lungs  and  bones,  namely, 
the  seventh  rib  and  second  lumbar  vertebra. 

The  microscopic  diagnosis  was  scirrhous  carcinoma. 

Beneke 

Case  3.  Female,  aged  55,  had  been  operated  on  some  years  before 
for  stone  in  the  kidney,  but  as  nothing  was  found,  the  kidney  was  re- 
placed. She  suffered  from  severe  cystitis,  and  gradually  became 
emaciated,  djdng  in  an  exhausted  condition.  Autopsy  revealed  a 
moderate  degree  of  pulmonary  tuberculosis  and  an  old  mitral  stenosis; 
also  a  total  thrombosis  of  the  inferior  vena  cava  and  its  branches. 
The  thrombi  in  the  renal  veins  were  simply  cicatricial,  not  cancerous. 
The  right  kidney  showed  a  moderate  pyeUtis  and  a  small  stone.  The 
left  kidney  was  firmly  adherent  to  the  adrenal  and  to  the  spinal  column. 
The  cicatricial  connective  tissue  was  infiltrated  with  white  cancer 
nodules.  One  of  the  lower  and  one  of  the  upper  thoracic  vertebrae 
were  infiltrated  with  carcinoma  and  destroyed  to  such  an  extent  that 
there  was  a  sharp  kyphosis. 

Microscopically,  this  cancer  mass,  was  found  to  be  a  pavement  epi- 
thelium carcinoma. 
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Beneke  and  Namha 

Case  4'  Male,  aged  45,  was  admitted  December  8,  1909.  On 
May  22,  1909,  he  was  struck  in  the  left  kidney  by  the  shaft  of  a  wagon. 
Shortly  afterward  he  passed  bloody  urine.  Since  then  he  has  had 
continuous  pain  in  the  left  side.  On  admission,  pus  and  a  few  red  blood 
cells  were  found  in  the  urinary  sediment.  On  the  left  side  a  kidney 
tumor  could  be  felt.  The  first  operation,  left  nephrotomy,  was  performed 
December  18,  1909.  The  second  operation,  nephrectomy,  was  per- 
formed in  February,  1910.  The  patient  died  in  April.  The  liver  and 
lung  showed  metastases.  The  bronchial  glands  were  free  of  carcinoma 
but  showed  many  giant  cell  tubercules.  The  right  kidney  was  appar- 
ently normal.  At  the  second  operation  the  capsule  was  found  firmly 
adherent  to  the  kidney  and  in  some  places  it  could  not  be  separated. 
The  capsule  itself  was  infiltrated  with  white  masses  and  in  some  places 
the  transition  from  it  to  kidney  substance  could  not  be  made  out. 
The  whole  kidney  was  very  hard  and  grayish  white.  The  kidney  sub- 
stance was  decreased  in  volume.  In  the  kidney  pelvis  there  was  an 
ulcer  penetrating  deep  into  the  medulla.  In  the  neighborhood  of  the 
pelvis  were  firm  white  bands  of  connective  tissue.  Microscopic  exami- 
nation of  the  ulcer  in  the  pelvis  showed  its  floor  to  be  made  up  of 
necrotic  tissue  masses  infected  with  cocci.  Some  parts  of  the  floor 
of  the  ulcer  were  not  necrotic  and  were  infiltrated  with  tumor  cells, 
which  lay  in  a  thin  zone  on  the  floor  of  the  ulcer  and  in  places 
passed  in  thick  bands  into  the  medulla.  The  ulcer  in  the  kidney 
pelvis  was  evidently  a  carcinomatous  one.  The  aut.hors  believe  that 
the  bacilli  were  very  superficial  and  plainly  followed  and  not  preceded 
the  ulceration.  There  were  no  foci  of  inflammatory  infection  of  the 
kidney  substance. 

Besenhruch 

Case  6.  Female,  aged  59,  was  admitted  February  27,  1905,  be- 
cause of  pain  in  the  abdomen,  which  began  three  months  previously. 
She  had  been  losing  flesh  rapidly  for  some  weeks,  had  no  appetite, 
urinated  frequently  and  was  always  constipated.  Examination  re- 
vealed on  the  left  side,  a  hand's  breadth  beneath  the  costal  arch,  a 
smooth  hard  tumor  the  size  of  two  fists,  slightly  movable.  The  lungs 
were  negative.  The  diagnosis  of  tumor  of  the  left  kidney  was  made. 
Transperitoneal  nephrectomy  was  done  March  14,  1905.  The  timior 
ruptured  and  a  quarter  of  a  liter  of  thick  yellow  pus  discharged.     It 
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was  a  picture  of  pyonephrosis.  There  were  several  small  abscesses 
in  the  upper  and  lower  poles  of  the  kidney.  The  inner  walls  of  the 
abscesses  showed  cauHflower-like  efflorescences.  The  kidney  was  the 
size  and  -shape  of  a  nodular  cocoanut.  The  fatty  capsule  was  thick 
and  hard  and  in  some  places  could  not  be  separated  from  the  fibrous 
capsule.  On  section,  nothing  could  be  seen  of  the  normal  kidney 
structure.  There  were  a  number  of  cavities  of  different  sizes  communi- 
cating w^th  each  other  and  with  the  kidney  pelvis,  and  a  connective 
tissue  substance  forming  the  w'alls  of  the  cavities.  The  ureter  was 
thickened  and  hard.  Where  it  left  the  hard  connective  tissue  that  filled 
the  normal  place  of  the  hilus,  its  lumen  was  filled  with  crumbling, 
granular  masses.  Through  its  further  course  it  was  embedded  in 
firm  connective  tissue. 

The  patient  was  discharged  well  April  10,  1905.  He  returned  May 
28,  1906,  very  much  emaciated.  The  whole  left  half  of  the  pelvis  was 
filled  with  a  fluctuating  tumor  the  size  of  a  man's  head. 

Microscopic  examination  showed  that  the  mucous  membrane  of  the 
former  kidney  pelvis  and  the  cavities  in  communication  with  it  had 
undergone  carcinomatous  degeneration.     Cancer  pearls  were  found. 

V.  Blum 

Case  6.  Male,  aged  59,  was  admitted  to  Frisch's  clinic  in  Vienna 
for  hematuria  which  had  been  present  for  months.  No  tumor  could  be- 
demonstrated  and  there  w^as  no  pain.  Cystoscopic  examination  showed 
that  the  bleeding  came  from  the  left  kidney.  Nephrectomy  was. 
performed.     There  was  a  hard  infiltration  of  the  upper  pole. 

Microscopic  examination  showed  a  carcinoma  of  the  kidney  pelvis. 

Case  7.  An  old  man,  verj'  cachectic,  died  soon  after  admission. 
Autopsy  revealed  a  large  tumor  of  the  kidney.  The  kidney  pelvis 
was  filled  with  a  branching  phosphate  stone. 

The  tumor  proved  to  be  a  pavement  epithelioma  of  the  kidney  pelvis^ 

Cattani 

Case  8.  Male,  aged  63,  died  April  27,  1871.  The  clinical  history 
was  that  of  an  abdominal  tumor,  not  moving  with  respiration.  There 
was  slight  albuminuria,  and  hematuria  preceded  by  signs  of  cystitis 
and  pyelitis.  A  few  cancerous  cells  were  found  in  the  urine.  At 
autopsy  the  kidney  and  pehas  were  found  to  be  twice  their  normal 
size.     The  degeneration  began  at  the  origin  of  the  ureter,  the  tissue 
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of  which  was  thick  and  ulcerated,  and  grayish  in  color,  and  extended 
into  the  pelvis;  there  was  also  ulceration  of  the  pelvis  and  purulent 
perinephritis.     There  were  no  metastases.     The  right  kidney  showed 
nephritis. 
The  microscopic  examination  proved  it  to  be  a  medullary  cancer. 

Gaucher 

Case  9.  A  male,  aged  50,  had  been  sick  for  about  six  months.  Had 
been  in  the  hospital  for  a  long  time  because  of  abdominal  pain  and  di- 
gestive disturbances.  He  vomited  frequently,  and  had  alternating 
diarrhea  and  constipation.  On  palpation,  a  large  well-defined  nodu- 
lar abdominal  tumor  was  found,  manifestly  independent  of  the  stomach. 
The  diagnosis  was  cancer  of  the  omentum.  Death  was  due  to  erysipe- 
las. At  autopsy,  there  was  found,  independent  of  the  generalized 
cancer  of  the  peritoneum,  which  had  been  diagnosed  during  life,  a 
cancer  of  the  right  kidney,  which,  like  the  tumor  of  the  peritoneum, 
was  an  encephaloid  cancer.  It  manifestly  originated  in  the  pelvis  near 
the  opening  of  the  ureter. 

The  pancreas  had  undergone  cancerous  degeneration  of  the  same 
nature  as  that  of  the  kidney  and  peritoneum.  On  the  lower  sur- 
face of  the  liver,  there  was  a  small  nodule  at  the  point  of  contact  of  the 
upper  extremity  of  the  right  kidney,  formed  by  propagation. 

Giordano 

Case  10.  Female,  aged  57,  four  years  before  admission,  was  sud- 
denly seized  with  violent  pain  in  the  region  of  the  right  kidney,  which 
radiated  toward  the  hypogastrium  and  lumbar  region.  This  was  fol- 
lowed by  a  discharge  of  turbid  urine  with  an  abundant  reddish  sedi- 
ment. Subsequently  she  had  several  attacks  of  renal  colic  followed 
by  passage  of  bloody  urine  containing  clots.  She  had  pain  in  the 
bladder  and  tenesmus.  She  was  admitted  to  hospital  May  8,.  1892. 
At  examination  she  was  found  to  have  pain  on  both  sides,  but  worse 
on  the  right.  The  urine  was  tinged  with  blood.  A  probable  diagnosis 
of  stone  in  the  right  kidney  was  made.  Nephrectomy  was  performed. 
The  excised  kidney  was  about  normal  in  size.  There  was  a  lardaceous 
mass  originating  in  the  pelvis  and  pushing  back  the  kidney  substance 
toward  the  two  poles. 

The  histologic  diagnosis  was  primary  epithelioma  of  the  pelvis. 
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Raymond  Gregoire 

Case  11.  Male,  aged  45,  had  had  attacks  of  nephritis,  renal  colic 
and  hematuria  for  ten  years.  In  the  past  three  months  a  large  lum- 
bar tumor  had  developed.     Transperitoneal  nephrectomy  was  done. 

Microscopic  examination  showed  a  cylindrical  epithelioma  of  the 
pelvis,  with  metastasis  in  the  glands. 

B.  Grohe 

Case  12.  Female,  aged  60,  was  admitted  February  22,  1900.  Her 
illness  began  in  June,  1899,  with  frequent  pain  in  the  right  side.  There 
was  loss  of  appetite  and  weight.  The  urine  was  turbid  but  never 
bloody.  Two  weeks  before  admission  the  diagnosis  of  kidney  tumor 
was  made.  Nephrectomy  was  performed  February'  26;  the  patient 
died  the  next  day.  The  kidney  surface  was  nodular.  On  section, 
there  was  marked  hydronephrosis.  The  opening  of  the  ureter  was 
enveloped  in  a  thick  growth  of  papillary  excrescences,  which  formed  a 
tumor  the  size  of  a  hazelnut.  Directly  adjacent  to  this  in  the  ex- 
ternal pelvic  tissue  was  a  packet  of  glands  as  large  as  hazelnuts  which 
surrounded  and  pressed  upon  the  ureter. 

Section  through  the  paillarj'  excrescences  showed  a  pronounced 
adenocarcinoma . 

Hartmann 

Case  13.  Male,  aged  54,  entered  the  service  of  Duplay  September 
21,  1886.  At  the  age  of  7  he  passed  gravel.  At  irregular  intervals, 
he  has  had  intense  renal  pain.  Two  years  ago  he  had  hematuria  with- 
out bladder  symptoms,  which  stopped  abruptly  in  two  days.  Patient 
had  also  a  good  deal  of  vomiting.  Examination  revealed  on  the  left 
side -a  large  tumor  of  the  hypochondrium,  extending  to  the  iliac  fossa 
and  umbiUcal  region,  roimd,  hard  and  non-fluctuating.  The  diag- 
nosis was  calculous  pyeUtis  with  obstruction  of  the  ureter.  Lumbar 
nephrotomy  was  performed.  A  large  quantitj'  of  pus  was  evacuated 
and  a  calculus  removed.  Death.  At  autopsy,  the  liver  and  the  peri- 
toneum at  the  level  of  the  upper  part  of  the  kidney  showed  white 
neoplastic  nodules.  The  left  pleura  showed  a  large  number  of  granu- 
lations, the  largest  of  which  were  ulcerated.  These  could  also  be  seen 
on  the  surface  of  the  lung,  but  not  on  section.  The  pehas  of  the  right 
kidney  contained  a  yellow  calculus.  The  left  kidney  formed  a  mass 
18  cm.  long.     The  kidney  was  only  a  shell  5  to  7  mm.  thick.     On  its 


414  HERMAN   L.    KRETSCHMER 

inner  surface  there  were  partitions  separating  the  dilated  calyces.  In 
the  partitions  there  were  vestiges  of  kidney  substance,  which  dis- 
appeared on  approaching  the  pelvis  and  were  replaced  by  a  tissue  of 
grayish  fibrous  appearance,  surrounded  by  islands  of  fat.  In  the 
pelvis,  which  had  thickened  walls,  there  was  a  small  fragment  of  cal- 
culus. The  external  surface  of  the  pelvis  passed  gradually  into  the 
indurated  fibro-fatty  tissue.  On  section  of  the  pelvis,  the  appearance 
was  that  of  grayish  fibrous  tissue.  Its  internal  surface  was  irregular, 
nodular,  ulcerated  and  finely  reticulated.  The  changes  extended  into 
the  upper  part  of  the  ureter. 

The  histologic  diagnosis  was  alveolar  cancer.  ■    • 

Case  14-  Male,  aged  55,  had  a  tumor  on  the  left  side.  It  was 
accompanied  by  hematuria,  pyuria  and  fever.  Lumbar  nephrectomy 
was  performed  with  good  operative  result.  The  patient  died  later  of 
recurrence. 

Microscopic  examination  showed  it  to  be  an  epithelioma  of  the  pelvis 
and  the  kidney  had  been  invaded. 

Case  15.  Male,  aged  46,  came  for  examination  in  March,  1902. 
For  three  years  he  had  had  attacks  of  hematuria,  which  recently  were 
accompanied  by  pain  and  lassitude.  Cystoscopic  examination  showed 
the  blood  coming  from  the  left  kidney.  Nephrectomy  was  performed 
March  27,  1902.  The  lower  pole  was  easily  freed.  The  upper  pole 
was  adherent  to  the  diaphragm.  April  27,  the  patient  developed  a 
left-sided  pleurisy.  May  28,  he  showed  a  generalized  cancer  with  a 
bloody  pleural  effusion  of  the  left  side  and  edema  of  the  left  leg.  Can- 
cerous nodules  developed  in  the  lumbar  wound  and  the  patient  died 
June  7,  1902.  The  upper  pole  of  the  kidney  was  filled  with  a  mass  of 
nodules ;  the  lower  part  of  the  kidney  appeared  normal.  The  lower  part 
of  the  pelvis  was  also  normal,  but  its  upper  part  showed  a  mass  of 
vegetations. 

The  microscopic  diagnosis  of  a  vegetating  'pavement  epithelioma  de- 
veloping from  the  mucous  membrane  of  the  pelvis  and  calyces  was 
made. 

Hedenius  and  Waldenstrom 

Case  16.  Male,  aged  79,  on  admission  to  hospital  showed  great 
emaciation,  weakness,  slight  cough  and  abundant  expectoration. 
There  was  a  frequent  desire  to  urinate,  which  he  attributed  to  stones, 
from  which  he  had  suffered  for  many  years.  In  the  region  of  the 
left  kidney  pelvis,  an  oblong  nodular  tumor  could  be  felt,  which  ex- 
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tended  to  the  spinal  column  and  downward  to  the  pelvis.  The  diag- 
nosis was  stone  in  the  kidney  pelvis  and  ureter.  No  operation  was 
performed  and  the  patient  died.  At  autopsy,  the  left  kidney  pelvis  was 
found  dilated,  and  the  mucous  membrane  showed  a  number  of  nodules 
from  the  size  of  a  hazelnut  to  that  of  a  walnut.  These  nodular  masses 
infiltrated  the  entire  wall  and  extended  along  the  renal  artery  and  vein 
to  the  abdominal  aorta  and  vena  cava,  an4  from  there  a  Uttle  upward, 
but  chiefly  downward  through  the  lymphatic  glands  to  the  promontory 
of  the  sacnun.     They  also  continued  downward  into  the  ureter. 

The  microscopic  diagnosis  was  primary  cancer  of  the  kidney  pelvis 
and  ureter. 

Hildebrandt 

Case  17.  Female,  aged  48,  for  a  year  had  had  an  abdominal  tumor 
and  bloody  urine.  Examination  revealed  a  hard  tumor  in  the  kid- 
nej'^  region,  adherent  to  the  large  intestine  and  liver  and  to  the  inferior 
vena  cava.  The  tumor  was  extirpated.  The  kidney  was  normal  in 
form,  only  the  curve  of  the  pelvis  was  lacking.  On  cut  section,  two 
parts  could  be  distinguished — one  thickened  and  infiltrated  with  con- 
nective tissue,  the  other  normal.  The  kidney  pelvis  was  scarcely 
visible.  Its  inner  surface  was  not  smooth  but  covered  with  many 
viUi  and  excrescences.  The  ureter  was  much  dilated  and  adherent 
to  the  kidney,  and  it  was  hard  and  rigid.  A  thick  mass  had  grown  into 
its  lumen  from  the  kidney.  The  microscopic  examination  revealed 
in  the  renal  tissue  itself  alveoh  filled  with  epithehal  cells  with  oval 
nuclei.  The  portion  of  the  tumor  smroimding  the  ureter  was  firm  in 
some  places  and  soft  in  others.  In  this  tissue  lay  clumps  of  epithelial 
cells  beside  one  another  without  intervening  tissue.  These  clumps 
looked  like  carcinomatous  glands.  The  parts  projecting  from  the  in- 
ternal surface  of  the  pelvis  looked  Uke  vascular  papillae,  the  vessels  of 
which  were  filled  with  a  very  typical  proliferating  epithehum. 

This  epithelium  was  pavement  or  transitional.  The  author  thinks 
this  tumor  originated  in  the  pelvis  and  invaded  the  kidney  substance 
later. 

O.scar  Israel 

Case  18.  Female,  aged  47,  died  of  a  fibropurulent  peritonitis, 
secondary  to  a  purulent  infiltration  in  the  region  of  the  left  kidney. 
Autopsy  showed  the  right  kidney  considerably  enlarged.  At  the  lower 
end  there  was  a  cyst  filled  with  yellow  fluid.     In  the  adjacent  calyx 
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there  was  a  yellowish  brown  stone.  The  left  kidney  was  larger  than 
the  right.  On  section  pus  discharged.  There  was  nothing  left  of  the 
true  kidney  parenchyma.  The  dilated  kidney  pelvis  contained  a 
very  large  stone  and  one  of  the  calyces  contained  another.  There  was 
extensive  ulceration  of  the  pelvis.  Near  the  stone  in  the  calyx  there 
was  a  soft  whitish  mass  looking  like  granulation  tissue. 

Its  structure  was  alveolar,  and  there  was  no  doubt  but  that  it  was  a 
medullary  carcinoma. 

Kielleuthner 

Case  19.  Male,  aged  44.  Sixteen  years  ago,  he  noticed  for  the  first 
time  that  his  urine  was  bloody.  The  bleeding  lasted  three  days.  He 
had  the  symptoms  of  cystitis  and  for  over  three  years  the  urine  was 
turbid.  Functional  tests  showed  complete  atrophy  of  the  parenchyma 
of  the  left  kidney.  The  roentgenograms  showed  what  was  interpreted 
as  stone  in  the  kidney  and  another  in  the  pelvis.  Patient  had  never 
lost  weight  up  to  the  time  of  examination,  nine  months  after  operation. 
Nephrectomy.  The  whole  kidney  was  transformed  into  a  sac  and  was 
of  moderate  size.  The  calyces  were  extraordinarily  dilated,  the  paren- 
chyma red^ced  to  a  minimum.  The  whole  kidney  pelvis  was  moder- 
ately thickened  and  yellowish  white.  There  were  no  stones  in  the 
pelvis. 

Microscopic  section  showed  a  chronically  inflamed  kidney  pelvis, 
whose  thickened  mucous  membrane  showed  extensive  carcinomatous 
degeneration. 

Kischensky 

Case  20.  Female,  aged  32,  had  been  sick  for  a  month  and  a  half 
before  admission  to  the  hospital  January  6,  1900.  She  could  not  walk 
or  stand  on  account  of  pain  and  ankylosis  of  the  right  knee.  She  had 
pain  in  the  region  of  the  right  kidney.  A  tumor  could  be  felt  be- 
neath the  ribs,  thought  to  be  an  enlarged  kidney  pelvis.  The  urine 
contained  much  pus.  No  operation.  The  patient  died  April  13, 
1900.  Autopsy  revealed  a  neoplasm  of  the  right  knee.  The  entire 
right  kidney  was  degenerated,  consisting  of  a  neoplasm  and  a  consider- 
able quantity  of  fat  and  connective  tissue.  In  the  midst  of  this  de- 
generated tissue,  numerous  small  cavities  containing  pus  were  found. 
From  the  upper  and  outer  borders  of  the  kidney  the  new  growth  h-ad 
extended  to  the  hver.  The  right  ureter  was  thickened.  The  neo- 
plasm was  found  in  the  calyx  and  pelvis  of  the  right  kidney  and 
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throughout  the  parenchyma  of  the  kidney,  in  the  liver  and  in  the 
right  knee,  involving  the  lower  part  of  the  diaphysis  of  the  femur. 
The  tumor  also  involved  the  diaphragm  adjacent  to  the  kidney  and 
liver,  the  peritoneum  and  the  lymph  glands. 
The  neoplasm  was  a  pavement  epithelium  cancer. 

Kundrat 

Kundrat,  in  1891,  described  this  type  of  tumor  at  the  Medical 
Society  of  Vienna.     He  reported  three  cases. 

Case  21.  A  kidney  from  a  man  of  49,  the  size  of  a  head  and  ad- 
herent to  the  spleen.  The  upper  part  of  the  kidney  showed  dilatation 
of  the  calyces.  The  lower  part  was  transformed  into  a  hard,  white 
neoplasm,  from  which  the  characteristic  epithelial  pearls  could  be 
expressed.  In  the  calj'ces  there  was  a  branching  stone,  which  was 
probably  the  cause  of  the  irritation. 

Case  22.  In  a  man  of  75,  the  right  kidney  was  twice  as  large  as  nor- 
mal. There  was  no  dilatation  of  either  pelvis  or  calyces,  but  the  kidney 
was  so  completely  degenerated  that  only  traces  of  it  remained.  The 
cancerous  pelvis  and  calyces  were  retracted  and  the  ureter  infiltrated 
for  4  cm. 

Case  23.  A  man  of  56,  operated  on  by  Billroth.  The  kidney  was 
four  times  as  large  ag  normal  and  was  surrounded  by  a  capsule  and  a 
very  thick  fatty  capsule.  The  kidney  was  almost  entirely  replaced 
by  the  epidermoidal  cancer.  In  this  case  the  cancer  had  extended 
from  the  pelvis  and  calyces  to  the  kidney  proper. 

Luys,  Ameuille  and  Chenot 

Case  24'  Female,  aged  51.  The  interesting  point  about  this  case 
is  that  a  renal  tumor  had  developed  without  giving  rise  to  any  symp- 
toms that  would  lead  to  a  diagnosis.  Separation  of  the  urine  showed 
a  httle  purulent  urine.  Nephrectomy  was  difficult,  on  account  of 
adhesions. 

Microscopic  examination  revealed  a  lobulated  pavement  epithelioma, 
showing  a  tendency  toward  epidermal  evolution.  The  origin  was  in 
all  probability  from  some  point  in  the  pelvis.  Autopsy  showed  no 
metastases,  except  in  some  of  the  glands  near  the  vena  cava. 
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Martin  and  Mertz 

Case  25.  Male,  aged  46,  forty-eight  hours  following  a  fight  in 
August,  1915,  had  an  attack  of  painless  hematuria,  which  lasted  for 
two  days.  Then  the  attacks  occurred  irregularly  for  the  next  three 
weeks,  when  he  had  his  first  pain,  which  was  not  severe.  The  hema- 
turia continued  irregularly  and  the  pain  increased  in  severity.  There 
was  also  frequency  of  urination.  Palpation  revealed  tenderness  over 
the  lower  abdomen  in  bladder  region  but  no  tumor.  The  urine  con- 
tained pus  and  a  little  albumin.  Radiogram  showed  multiple  shadows 
in  region  of  left  kidney.  Cystoscopy:  Right  ureter  easily  catheterized; 
urine  normal.  Left  ureter  was  catheterized  only  after  several  attempts 
and  an  obstruction  high  up  was  found.  Urine  contained  pus,  blood 
and  albumin.  Phthalein  did  not  appear  in  forty-five  minutes.  Pyel- 
ography was  carried  out.  A  diagnosis  of  infected  hydronephrosis 
with  multiple  calculi  was  made.  November  6,  1915,  lumbar  nephrec- 
tomy was  performed.  The  patient  was  living  and  well  seven  months 
after  operation.  February  5,  1917,  the  presence  of  a  tumor  mass  in 
the  left  lower  abdomen,  with  cachexia  and  every  evidence  of  a 
recurrence,  was  reported  to  the  authors  by  the  patient's  physician. 
Section  of  the  kidney  longitudinally  revealed  a  tumorous  growth, 
hard,  brittle,  arising  from  the  pelvis,  invading  the  central  portion 
of  the  kidney  and  the  region  of  the  opening  of  the  inferior  calyx. 
Nodules  of  the  growth  were  present  on  the  pelvic  wall.  The  ureter 
was  free. 

Microscopic  examination  proved  it  to  be  a  'primary  alveolar  carci- 
noma of  the  pelvis,  and  the  authors  concluded  it  was  the  result  of  the 
calculi. 

Jack  Mock 

Case  26.  (Unpublished  case  given  by  Professor  Albarran  to  Mock.) 
Female,  aged  23,  came  in  because  of  hematuria  which  she  had  in  April, 
1902.  She  has  had  many  attacks  since,  accompanied  by  pain  in  the 
left  lumbar  region  and  frequent  and  somewhat  painful  micturition. 
Nephrectomy  was  performed  November  12,  1908,  by  Albarran.  The 
right  kidney,  which  had  been  removed,  was  very  large;  the  parenchyma 
of  the  upper  part  was  normal;  all  the  lower  half  was  neoplastic.  There 
was  an  enormous  tumor  in  the  lower  half  of  the  pelvis.  The  ureter 
was  not  invaded  but  there  was  a  small  tumor  beside  it  which  seemed  to 
occlude  it. 
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Histologic  examination  showed  it  to  be  an  atypical  epithelioma  of 
the  pelvis  with  cylindrical  cells,  and  with  tubes  passing  down  into  the 
deep  tissues.  The  patient  was  seen  in  October,  1912,  four  years  after 
the  operation,  and  shf  was  in  good  health,  having  had  a  child  in  the 
meantime. 

Oraison 

Case  27.  Female,  aged  50,  was  married  in  1878,  at  the  age  of  24. 
On  her  wedding  journey,  she  made  a  misstep  in  going  down  stairs  and 
immediately  had  violent  pain  in  the  left  lumbar  region  followed  by 
vomiting  and  hematuria.  She  had  a  recurrence  of  these  attacks  occa- 
sionally during  the  next  three  years.  In  1894  she  began  to  have  con- 
tinuous dull  pain  in  the  region  of  the  left  kidney  and  she  could  feel  a 
swelling  in  that  region.  The  urine  became  turbid;  had  frequent  de- 
sire to  urinate  and  pain  at  the  end  of  micturition.  The  author  first 
saw  her  in  July,  1903,  when  she  complained  of  turbid  and  vile  smelling 
urine  and  painful  and  frequent  micturition.  The  urine  showed  man}'^ 
leukocji.es  and  various  kinds  of  bacteria.  There  was  a  swelling  about 
the  size  of  an  adult's  head  emerging  from  under  the  false  ribs,  extending 
a  little  below  a  line  connecting  the  anterior  superior  iliac  spines  and 
passing  inside  the  median  line  and  backward  to  the  lumbar  region. 
It  was  rounded  and  smooth,  could  be  moved  slightly  forward  and 
laterally,  but  with  great  pain.  A  diagnosis  of  calculous  pyelonephritis 
was  made.  The  roentgenogram  was  negative.  Nephrotomy  was 
performed  November  7,  1904.  Incision  of  the  kidney  was  difficult  on 
account  of  numerous  stones;  the  largest  weighed  107  grams.  The 
cavity  containing  this  stone  had  smooth  walls,  but  a  finger  was  passed 
through  its  anterior  wall  into  another  cavity  containing  four  more 
stones,  which  proved  to  be  in  the  kidney  pelvis.  Its  walls  were  not 
smooth,  but  irregular  and  very  hard,  giving  the  sensation  of  a  vegetat- 
ing epithelioma  of  the  uterus.  In  this  cavity  there  was  a  small  quantity 
X  of  infected  pus.     The  patient  died  three  days  after  operation. 

Microscopic  examination  of  the  fragments  of  tumor  removed  at 
operation  showed  that  the  greater  part  of  the  specimen  was  made  of 
neoplastic  tissue.  The  tumor  developed  from  the  stratified  pave- 
ment epithelium  of  the  kidney  pelvis. 
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Rudolf  Paschkis 

Case  28.  Male,  aged  47.  At  the  age  of  8  he  had  urinary  retention, 
caused  by  a  stone.  Hematuria  began  four  or  five  months  before  ad- 
mission, since  which  time  he  has  had  several  attacks.  On  bimanual 
examination,  a  small  hard  nodular  tumor,  about  the  size  of  an  apple 
and  somewhat  sensitive  to  pressure,  was  found  in  the  region  of  the 
right  kidney.  Ureteral  catheterization  revealed  a  few  drops  of  turbid 
alkaline  urine,  with  a  moderate  amount  of  blood  and  a  few  pus 
cells.  Nephrectomy  was  performed.  The  kidney  pelvis  was  dilated 
to  more  than  the  size  of  a  fist  and  thickened.  In  the  kidney  pelvis, 
there  were  necrotic,  freely  movable  masses,  from  the  size  of  a  hazel- 
nut to  walnut,  friable,  and  reddish  brown  in  color.  In  the  wall 
of  the  kidney  pelvis,  at  the  lower  pole,  there  was  a  sharply  circumscribed 
tumor  about  the  size  of  a  5  mark  piece. 

Microscopic  examination  proved  it  to  be  a  case  of  cylinder  cell  carci- 
noma, solid  in  structure  in  some  parts  and  in  others  showing  a  tendency 
to  lumen  formation  and  secretion. 

Porter 

Case  29.  Male,  aged  69.  At  the  age  of  22  he  had  an  attack  of 
ureteral  colic.  In  1909,  patient  had  hematuria.  March  29,  1909,  he 
commenced  complaining  of  pain  in  chest,  abdomen,  legs  and  back, 
especially  severe  in  left  side.  Pressure  over  the  left  kidney  caused 
pain.  Some  enlargement  of  the  kidney  was  apparent.  Urine  contained 
albumin,  no  casts,  many  pus  and  red  blood  cells,  a  few  kidney  cells, 
much  mucus,  many  proteus  bacilli  and  numerous  streptococci.  First 
operation,  lumbar  nephrotomy,  April  1,  1909;  there  was  found  a  hy- 
dronephrosis and  two  stones  were  removed.  At  the  second  operation, 
July  28,  1909,  the  old  wound  was  enlarged,  and  two  large  and  several 
small  stones  were  removed.  At  the  third  operation,  September  28, 
1909,  the  kidney,  with  the  upper  three-fourths  of  the  ureter,  was  re- 
moved. The  inner  surface  of  the  pelvis  of  the  kidney  was  occupied 
in  part  by  what  appeared  to  the  unaided  eye  to  be  masses  of  granula- 
tion tissue.  Microscopic  examination  showed  them  to  be  carcinoma- 
tous. The  patient  died  December  19,  1909,  nine  months  after  the  first 
operation. 
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Rayer 

Case  30.  A  female,  aged  58,  died  after  attacks  of  abdominal  pain  and 
hematmia.  Autopsy  was  performed  thirty  hours  after  death.  Many 
cancerous  nodules,  ranging  from  the  size  of  a  hazelnut  to  that  of  a 
partridge's  egg,  so  numerous  they  could  not  be  counted,  were  foimd 
in  the  liver.  The  substance  of  the  kidney  was  normal,  but  on  the  in- 
ternal surface  of  the  membrane  of  the  pelvis  there  were  numerous  small 
pedunculated  tumors,  evidently  formed  of  fibrous  tissue  infiltrated  with 
encephaloid  matter.  There  was  a  similar  alteration  in  the  ureters. 
There  was  a  cancerous  mass  formed  by  the  agglomeration  of  small 
tumors,  similar  to  those  described  previously,  round  and  encrusted 
with  calcareous  concretions  in  the  fundus  of  the  bladder. 

Otto  Retzlaff 

Case  31.  Male,  aged  43,  was  admitted  February  10,  1903.  In 
July,  1902,  he  had  had  a  strain  in  lifting  a  heavy  load  and  had  pain 
in  the  left  side.  Lost  his  appetite  and  became  emaciated.  At  the 
end  of  August  developed  hematuria  for  three  or  four  days,  and  also  for 
a  day  in  September.  After  that  the  urine  was  always  turbid  and  he 
had  frequent  desire  to  urinate.  Since  September,  1902,  has  had  pain 
in  the  left  side  radiating  to  the  testicle.  On  examination,  pain  and 
dullness  is  elicited  a  hand's  breadth  below  the  left  costal  arch.  In 
the  left  supraclavicular  fossa  there  was  a  small  hard  gland.  February 
20  a  laparotomy  was  performed.  A  hard  nodular  tumor  of  the  left 
kidney,  with  numerous  metastases,  was  found.  Because  of  the  size 
of  the  tumor  and  the  adhesions,  operations  was  considered  impossible. 
Patient  died  February  22. 

Autopsy  showed  a  tumor  mass  firmly  adherent  to  the  lumbar  muscles. 
It  had  also  penetrated  the  spleen  and  some  nodules  were  visible  in  the 
tail  of  the  pancreas.  The  fat  capsule  of  the  kidney  seemed  to  be  re- 
placed by  the  tumor  mass.  There  were  extensive  adhesions  to  other 
organs.  On  section,  almost  nothing  could  be  seen  of  the  kidney  sub- 
stance, nor  was  the  kidney  pelvis  recognizable  as  such,  but  its  place  was 
filled  up  with  a  grayish  tumor  mass. 

Microscopic  examination  showed  an  alveolar  tumor  with  a  connective 
tissue  stroma  and  the  alveoh  filled  with  cells.  Pavement  epithelium 
cells  prevailed.  This  was  undoubtedly  a  pavement  epithelium  carcinoma, 
and  it  is  highly  probable  that  it  originated  in  the  kidney  pelvis.     It  then 
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infiltrated  the  kidney  and  produced  metastases  in  various  organs,  all  of 
which  showed  the  pavement  epithelium  type. 

Case  32.  Female,  aged  54.  The  predominating  symptoms  were 
those  of  stomach  distress  and  a  gastro-enterostomy  was  performed 
July  2,  1902.  She  died  July  7,  1902.  The  right  kidney  was  a  round 
hard  body  almost  the  size  of  a  fist,  surrounded  by  abundant  fat.  On 
section,  it  was  found  so  thoroughly  infiltrated  with  a  white  tumor  mass 
that  it  was  hard  to  recognize  it  as  a  kidney.  The  pelvis  on  the  side 
toward  the  ureter  was  thin  walled.  Toward  the  kidney  there  was  a 
diffuse  thickening,  caused  by  the  tumor  mass.  The  kidney  pelvis  was 
thickened. 

Microscopic  examination  showed  a  medullary  carcinoma  with  a  very 
scanty  stroma. 

Ignazio  Scalane 

Case  33.  Male,  aged  39.  At  the  age  of  31  he  began  to  notice  a 
■change  in  the  urine;  it  became  more  abundant  and  slimy.  At  33  he 
began  to  have  mild  attacks  of  pain  over  the  right  costal  arch.  In  1908, 
he  had  two  attacks  of  hematuria,  after  which  he  had  fever  and  discrete 
pain  in  the  kidney  region,  radiating  to  the  bladder.  Ureteral  cathe- 
terization demonstrated  mucopus  in  the  right  kidney.  The  whole 
lumbo-hypochondriac  region  showed  a  swelling  on  the  right  side. 
On  the  side  of  the  tumor  the  veins  of  the  spermatic  plexus  were  vari- 
cose. Under  the  microscope  many  pus  corpuscles  were  found  in  the 
urine.  Nephrotomy  was  performed.  On  opening  what  appeared 
be  the  cavity  of  the  pelvis,  many  small  calculi  were  found.  The 
cavity  of  the  pelvis  was  increased  by  distention  of  the  renal  parenchyma 
and  looked  as  if  it  were  filled  with  a  villous  cancer.  The  patient 
died.     No  autopsy. 

Histologic  study  of  the  tumor  was  made  from  the  numerous  pieces 
removed  at  operation.  The  author  concludes  that  it  was  an  epider- 
moid flat  pavement  epithelioma  of  the  kidney  pelvis,  extending  to  the 
cortex  of  the  kidney. 

Scheel 

Case  34.  Male,  aged  37.  Six  weeks  before  admission,  he  had 
boring  pain,  beginning  in  the  lumbar  region  and  radiating  to  the 
umbilicus.  He  lost  appetite  and  became  emaciated.  The  urine  was 
turbid.  The  right  kidney  region  was  sensitive  to  pressure  but  no 
tumor  was  felt.     A  few  days  later  he  complained  of  sensitiveness  in 
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the  midline  above  the  umbiUcus.  A  tumor  was  felt,  apparently  above 
the  pancreas.  Exploratory  laparotomy  was  performed.  The  great 
omentum  contained  tumors  and  there  was  a  tumor,  the  size  of  a  wal- 
nut, in  the  neighborhood  of  the  head  of  the  pancreas.  Examination 
of  a  piece  of  the  omental  tumor  showed  pavement  epithelioma.  The 
patient  died  from  pneumonia  after  attempting  suicide  four  weeks  after 
operation. 

Macroscopic  examination  showed  that  there  was  a  tumor,  partly 
solid  and  partly  papillary,  of  the  kidney  and  kidney  pelvis  with  meta- 
stases along  the  kidney  and  large  abdominal  blood  vessels,  in  the 
omentum,  right  adrenal,  the  liver,  the  diaphragm  and  the  lungs. 

Microscopic  examination  showed  that  the  tumor  consisted  of  two 
sharply  defined,  absolutely  different  parts — a  pavement  epithelioma  in 
the  kidney  tissue  and  a  cylindrical  epithelioma  in  the  kidney  pelvis. 

Schievelbein 

Case  35.  Male,  aged  44,  had  been  sick  for  ten  weeks  with  pain  on 
the  right  side  below  the  costal  margin.  He  had  loss  of  appetite,  rise 
of  temperature,  weakness  and  rapid  emaciation.  In  the  right  hypo- 
chondrium  a  slight  resistance  could  be  felt,  painful  on  pressure.  At  the 
level  of  the  seventh  cervical  vertebra  a  hard  tumor,  the  size  of  an 
apple,  could  be  felt.  This  examination  was  made  October  10.  On 
October  12  sUght  paralysis  of  the  lower  limbs  developed,  accompanied 
by  decrease  in  sensation.     Patient  died  October  22. 

Autopsy  showed  a  tumor  of  the  sixth  cervical  vertebra,  exerting  pres- 
sme  on  the  spinal  cord.  The  right  suprarenal  was  enlarged,  showing 
nodules.  In  the  fibrous  and  fatty  capsule  of  the  kidney  were  numerous 
nodules.  The  right  kidney  was  enlarged.  On  section  the  upper  half 
was  found  filled  with  circumscribed  nodules,  ranging  in  size  from  that 
of  a  pea  to  a  cherry.  These  were  grouped  about  a  point  in  the  kidney 
pelvis  where  there  was  an  irregular  ulcer  about  the  size  of  a  five  pfennig 
piece,  with  a  rough,  reddish-white  base  and  slightly  raised  edges. 
The  mucous  membrane  of  the  rest  of  the  kidney  pelvis  was  grayish- 
rose  color,  smooth  and  not  dilated. 

Microscopic  examination  showed  a  primary  cancer  of  the  kidney 
pelvis. 

Spiess 

Case  36.  Female,  aged  54,  for  years  had  had  the  symptoms  of  a 
left  sided  pyelitis — pain  in  the  left  kidney  region,  pus  in  the  urine. 
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from  a  colon  infection,  but  no  hematuria.  More  recently  the  pains 
have  increased  and  the  patient  has  become  emaciated.  Examination 
in  April,  1912,  revealed  cystitis;  the  right  kidney  functioned  normally, 
while  from  the  left  ureter  no  urine  was  obtained.  A  diagnosis  of 
tumor  was  made. 

At  operation  the  left  kidney  pelvis  was  found  much  enlarged,  and 
contained  a  calculus  and  a  firm,  non-papillary  tumor.  The  regional 
glands  were  not  involved.  Nephrectomy  was  done.  Operative  re- 
covery was  good.  In  December,  1912,  there  was  considerable  abdom- 
inal pain,  radiating  into  the  left  leg,  and  large  tumors  were  found 
along  the  vertebral  column. 

Macroscopically,  the  specimen  was  a  much  enlarged  kidney  with 
capsule.  On  section,  the  markings  were  quite  distinct.  The  kidney 
pelvis  was  somewhat  enlarged,  but  surrounded  by  very  little  fat. 
The  mucous  membrane  was  grayish  white  in  color,  somewhat  granu- 
lated and  hypertrophied,  and  lying  in  ridges.  At  the  lower  end  of  the 
pelvis,  about  1  cm.  above  the  ureter,  there  was  a  round  tumor  of  a  firm 
consistency  and  sharp  outline.  The  surface  was  granular.  On  section 
the  tissue  was  found  to  be  grayish  white,  slightly  granular,  with  a 
light  opaque  juice.  In  the  pelvis  there  was  a  hard,  brown,  mulberry- 
like oxalate  of  lime  stone. 

Microscopic  diagnosis.     Squamous  epithelioma. 

Stiisser 

Case  37.  Female,  aged  66,  had  always  been  well  until  a  few  weeks 
before  admission,  when  she  noticed  a  swelling  on  the  left  side.  The 
tumor  increased  slowly  but  continuously.  The  urine  became  dark 
and  turbid.  A  diagnosis  of  cystic  ovarian  tumor  was  made.  Opera- 
tion September  30,  1909.  The  tumor  was  found  to  be  a  hydronephrotic 
kidney.  Nephrectomy  was  performed.  Macroscopically  the  speci- 
men was  a  typical  picture  of  hydronephrosis.  The  lower  pole  of  the 
kidney  was  preserved,  but  most  of  the  kidney  went  to  form  the  wall 
of  the  sac.  The  pelvis  was  dilated  to  the  size  of  a  man's  head  and  was 
very  thin  at  the  places  where  it  was  free  of  tumor.  There  were  tumors 
in  its  walls  separated  by  a  small  furrow  representing  the  mouth  of  the 
ureter. 

Microscopic  examination  showed  the  presence  of  a  pavement  epi- 
thelioma. The  thickened  and  hardened  mucous  membrane  of  the 
pelvis  showed  that  carcinoma  cells  had  caused  the  thickening.     Later 
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she  began  to  have  pain  in  the  pelvis  and  legs.  A  tumor  could  be  felt 
on  the  left  side  below  the  lower  rib  and  ilium.  Below  the  trochanter 
major  a  hard  nodular  non-fluctuating  tumor  could  be  felt  on  the 
bone.  By  the  beginning  of  October,  the  tumor  in  the  lumbar  region 
was  as  large  as  a  fist.     The  patient  died  November  4. 

Autopsy  revealed  a  chain  of  carcinomatous  Ijinph  glands  along  the 
vena  cava.  On  the  left  side  of  the  first  and  second  lumbar  vertebrae, 
there  was  tumor  the  size  of  a  fist  which  had  partially  eroded  the  verte- 
brae. There*  was  a  firm  nodular  tumor  on  the  trochanter  major  of 
the  left  femur.     The  liver  showed  nodules  of  various  sizes. 

Domenico  Taddei 

Case  38.  Male,  aged  40,  entered  the  cUnic  March  20,  1905.  His 
illness  began  twenty-seven  months  before  with  sudden  pain  in  the  right 
hypochondrium,  radiating  toward  the  scrotmn.  In  September,  the 
attacks  became  more  violent  and  the  urine  was  bloody.  He  was  sent 
to  the  surgical  clinic  with  a  diagnosis  of  pyonephrosis.  Examination 
revealed  an  ill-defined  swelling  in  the  right  hypochondrium.  March 
28,  nephrectomy  was  performed.  There  was  difficulty  in  isolating  the 
kidney,  because  of  the  adhesions,  especially  in  the  region  of  the  pelvis. 
The  third  day  anuria  developed,  also  stubborn  vomiting,  slow  and 
rapid  pulse,  and  the  patient  died. 

At  autopsy  the  form  of  the  kidney  was  found  to  be  well  preserved, 
except  for  an  irregular  increase  in  size  in  the  region  of  the  pelvis.  On 
section  the  peripheral  part  of  the  kidney  showed  several  cavities  con- 
taining pus.  The  neoplastic  mass  compressed  the  vena  cava  and 
occluded  its  lumen.  The  tumor  also  occluded  about  5  cm.  of  the 
ureter.  The  neoplastic  occlusion  of  the  vena  cava  had  caused  a 
thrombosis,  which  extended  on  the  left  to  the  iUac  and  on  the  right 
to  the  popliteal  vein.  Bacteriological  examination  of  the  pus  from  the 
cavity  in  the  kidney  showed  Fraenkel's  diplococci. 

Microscopic  examination  showed  a  typical  pavement  epithelioma  of 
the  renal  pelvis. 

.Tuffier 

Case  39.  Male,  aged  65,  had  had  hematuria  continuously  for  three 
months,  associated  with  pain  and  a  sensation  of  weight  on  the  right 
side  for  about  a  month.  In  the  right  lumbar  region  a  large,  smooth, 
hard  tumor  was  palpable,  which  disappeared  imder  the  ribs  and  ex- 
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tended  downward  to  a  point  halfway  between  the  umbilicus  and 
symphysis. 

Lumbar  nephrectomy  was  performed.  The  kidney  presented  an 
enormous  hydronephrosis,  being  about  twice  its  normal  size.  In  the 
region  of  the  hilus  there  was  a  tumor-like  hardening,  which,  on  in- 
cision, discharged  a  large  amount  of  very  dark  blood.  In  the  kidney 
pelvis  could  be  felt  a  hard  infiltration, 'the  size  of  a  nut. 

Microscopic  examination  revealed  strands  of  epithelial  tubules  in  the 
connective  tissue;  the  cells  were  cylindrical;  the  centers  of  some  were 
necrotic.  There  were  also  some  of  these  tumor  cells  in  the  lumen  of 
the  arteries  and  in  the  thickened  wall  of  the  kidney  pelvis.  Eight 
weeks  later  the  patient  died  of  bronchopneumonia. 

At  autopsy  the  right  kidney  was  found  replaced  by  large  masses  of 
firm  connective  tissue,  in  which  the  ureter  had  been  lost.  A  few  white 
cancerous  nodules  were  found  in  the  liver. 

Verhoogen 

Case  40.  Female,  aged  56,  in  August,  1897,  began  to  suffer  from 
frequent  urination  and  pyuria.  The  right  kidney  was  very  large.  The 
urine  from  the  left  ureter  was  clear.  Operation,  October  26,  nephrec- 
tomy. The  patient  died  the  next  day.  On  opening  the  kidney,  an 
abundant  creamy  pus  was  discharged.  On  introducing  a  finger  into  the 
cavity,  the  pelvis  was  found  to  be  filled  with  a  hard  tumor,  the  size 
of  a  large  egg,  and  scirrhous  in  appearance.  The  lower  part  of  the 
concave  border  of  the  kidney  was  also  invaded  by  a  cancerous  tumor 
the  size  of  an  apple. 

Wehr 

Case  41.  Female,  aged  53,  suffered  from  pain  in  the  renal  region 
for  five  months.  She  had  acute  bladder  pain  at  the  same  time,  and 
hematuria  for  the  last  four  months.  On  examination  a  large  renal 
tumor  was  found,  which  extended  from  the  ribs  to  the  crest  of  the 
ilium.  Lumbar  nephrectomy  was  performed  and  the  patient  died. 
It  was  found  that  the  tumor  originated  in  the  pelvis  and  infiltrated  the 
kidney.  It  was  a  carcinomatous  sarcoma.  At  autopsy,  generalization 
in  the  pleura  was  found. 
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Wilson 

In  a  series  of  92  cases,  Wilson  found  4  renal  carcinomata,  taking 
their  origin  from  the  collecting  tubules.  One  of  these  4,  he  says,  was 
a  tumor  of  the  renal  pelvis  apparently  of  embryonic  origin  (case  42). 
It  was  a  squamous-ceUed  epithelioma,  resembling  histologically  a 
cancer  of  the  hp  and  evidently  derived  from  the  ectoderm. 

ETIOLOGY 

Nothing  definite  is  known  with  reference  to  the  etiology  of 
carcinoma  of  the  renal  pelvis.  Predisposing  factors,  such  as. 
the  role  played  by  stone  and  metaplasia,  will  be  considered 
further  on. 

An  analysis  of  the  43  cases  collected,  including  the  case  reported 
in  this  paper,  shows  that  26  occurred  in  males  and  16  in  females. 
In  Wilson's  case  the  sex  was  not  mentioned.  According  to  these 
figures,  there  does  not  seem  to  be  any  great  preponderance  of  one 
sex  over  the  other,  nor  does  one  side  seem  more  prone  to  the  de- 
velopment of  this  disease  than  the  other,  for  in  this  series  it  was 
found  that  16  cases  occurred  on  the  right  side  and  18  on  the  left. 
In  the  remainder  the  side  on  which  the  lesion  occurred  was  not. 
mentioned.  The  right  kidney,  being  more  movable  than  the  left, 
is  said  to  be  more  prone  to  develop  certain  renal  diseases,  such 
as,  for  example,  tuberculosis,  but  such,  apparently,  is  not  the 
case  "vsith  this  disease. 

In  only  two  cases  was  there  a  definite  history  of  trauma,  those 
reported  by  Beneke  and  Xamba,  and  by  Retzlaff. 

THE  ROLE  PLAYED  BY  CALCULI 

In  11  cases,  there  w^as  found,  associated  with  the  tumor,  renal 
stones.  In  two  cases,  not  only  was  the  calculus  present  on  the 
side  of  the  tumor,  but  calculi  were  also  present  on  the  opposite 
side  (Hartmann  and  Israel).  In  one  case,  that  of  Beneke,  a. 
stone  was  found  in  the  well  kidney,  while  the  diseased  kidney 
had  none. 

It  is  believed  that  gall-stones  predispose  to  the  formation 
of  cancer  in  the  gall-bladder.     This  fact  has  been  repeatedly 
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advanced  as  a  possible  factor  in  the  production  of  cancer  of  the 
kidney  pelvis.  While  this  might  possibly  be  called  upon  to 
explain  the  occurrence  of  cancer  in  the  cases  in  which  stones  are 
found,  it  cannot  be  considered  the  predisposing  factor  in  those 
cases  in  which  no  stones  were  found,  which  numbered  32,  assum- 
ing, of  course,  that  if  stones  were  present  the  author  would  most 
certainly  have  mentioned  that  fact.  It  may  well  be  within  the 
bounds  of  possibility  that  the  stones  were  secondary  to  the 
tumor  formation. 

Thus,  Israel  believes  that  stone  had  something  to  do  with  the 
formation  of  the  carcinoma  in  his  case,  for  he  says, 

The  stone  in  the  kidney  pelvis  was  probably  responsible  for  the  hydro- 
nephrosis, and  later,  together  with  the  smaller  stones,  for  the  ulceration. 
It  is  hard  to  say  how  much  the  hydronephrosis  had  to  do  with  the 
development  of  the  carcinoma,  but  it  is  probable  that  the  stone,  which 
lay  near  the  origin  of  the  tumor,  had  a  part  in  its  formation,  as  experi- 
ence has  shown  that  continuous  irritation  may  lead  to  cancer  production. 

Kielleuthner  thinks  that  the  calculi  are  the  primary  factor  in 
causing  the  inflammation,  and  that  the  course  is  somewhat  as 
follows:  inflammation,  scar  formation  and  finally  pyonephrosis. 
The  tumor  arises  secondarily  in  the  chronically  inflamed  mu- 
cosa. In  his  case  there  was  no  xerosis  as  a  connecting  link  be- 
tween the  normal  epithelium  and  the  tumor,  but  there  was  an 
epithelium  developed  to  many  times  its  normal  thickness  and  it 
looked  as  if  the  thickened  epithelium  had  undergone  a  slow 
transformation  into  carcinoma. 

Paschkis,  in  reporting  his  case,  makes  the  statement  that  it  is 
impossible  to  say  whether  the  anuria  and  the  stone  discharged 
years  before  had  anything  to  do  with  the  development  of  the 
tumor;  but  it  is  possible,  as  stones  have  been  held  responsible 
for  the  development  of  kidney  tumors. 

Hartmann  also  calls  attention  to  the  fact  that  his  case  fol- 
lowed a  calculous  pyelitis,  and  that  the  changes  in  the  pelvis 
were  analogous  to  the  cancerous  changes  sometimes  found  in  the 
gall-bladder  following  gall-stones. 
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Oraison  is  disposed  to  accept  the  hypothesis  that  the  tumor 
was  caused  by  irritation,  and  the  probable  order  of  lesions  was 
lithiasis,  pyelonephritis,  hypertrophy  of  the  kidney  and  epithe- 
liomatous  degeneration  of  the  pelvis. 

Rokitansky,  in  1861,  pointed  out  the  possibihty  of  the  trans- 
formation of  the  epitheUum  of  the  renal  pelvis,  a  condition 
usually  designated  as  metaplasia  or  leukoplakia.  Since  then 
leukoplakia  of  the  urinary  tract  has  been  studied  by  many 
writers,  namely,  Weichselbaum,  Kauffmann,  Dittel,  Posner,  Bara- 
ban,  Halle  and  others.  Leukoplakia  may  involve  the  entire 
urinary  tract,  kidney  pelves,  ureters,  and  bladder,  or  it  may  be 
localized  in  the  pelvis  and  ureters  without  invohdng  the  bladder. 
Cases  of  leukoplakia  of  the  urinary  organs  have  been  reported 
by  Orth,  Chiari,  Caselin  and  others. 

HaM,  who  has  studied  this  condition  rather  carefully,  calls 
attention  to  the  frequent  coincidence  of  leukoplakia  and  calcuU. 
The  author  thinks,  however,  that  the  mechanical  irritation  of  the 
calculi  is  not  a  direct  cause  of  the  leukoplakia.  The  primary 
cause  is  chronic  inflammation,  and  the  mechanical  irritation 
plays  only  a  secondary  part  in  aiding  the  epitheUal  changes. 
In  two  of  Halle's  cases  there  was  present  both  tuberculosis  and 
leukoplakia,  and  he  beheves  that  the  tuberculosis  was  secondary. 

Albarran  likewise  calls  attention  to  the  fact  that  the  epithe- 
Uum of  the  renal  pelvis  can  become  transformed  into  pavement 
epitheUum  analogous  to  that  of  the  skin.  He  beUeves  that  the 
only  etiological  factor  worthy  of  note  is  the  possible  coexistence 
of  calcuU  of  the  pehds  and  epitheUal  tumors  of  the  pehds.  He 
beUeves  that  the  stones,  by  chronic  irritation,  may  produce 
leukoplakia  and  the  leukoplakia  may  be  the  first  stage  in  the 
development  of  a  true  epitheUoma. 

Bauer  states  that  the  appearance  of  typical  stratified  pave- 
ment epitheUum  in  the  urinary  tract  and  its  tumors  is  a  well 
known  fact  and  is  explained  by  metaplasia.  He  suggests  tJie 
possibility,  in  his  case,  of  its  having  been  caused  by  stone  forma- 
tion followed  by  pyeUtis. 

Schievelbein  beUeves  that  the  cancer  in  his  case  must  have 
been  due  to  a  metaplasia  of  the  transition  epitheUum  of  the 
kidney  pehds. 
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Stiisser  says  that  the  unexplained  point  in  such  tumors  is  the 
cornification  of  the  transition  epitheUum  of  the  kidney  pelvis. 
Metaplasia  is  much  less  freely  used  in  explanation  of  this  phe- 
nomenon recently  than  it  formerly  was,  as  it  is  considered  now 
that  only  very  closely  related  forms  of  cells  may  pass  over  into 
one  another;  nor  is  the  hypothesis  of  displaced  embryonic  cells 
very  satisfactory.  He  thinks  that  Ribbert's  explanation  is  more 
satisfactory,  which  is  as  follows: 

"It  is  quite  conceivable  that  transitional  epithelium  may  assume  the 
qualifications  of  epidermis  under  certain  circumstances  to  a  much 
greater  extent  than  it  ordinarily  does.  It  is  conceivable  that  even  in 
the  embryo  there  may  be  a  greater  extension  of  pavement  epithelium 
upward  from  the  Wolffian  duct,  and  that  this  explains  those  cases  in 
which  greater  or  less  areas  in  the  pelvis  and  ureter  are  found  covered 
with  epidermis,  and  those  cases  in  which  tumors  develop  from  these 
sections  of  the  urinary  tract  showing  the  same  kind  of  epithelium." 

According  to  Taddei,  the  observation  of  tumors  developed  in 
the  bladder  on  plaques  of  leukoplakia  and  the  observation  of 
foci  of  leukoplakia  in  the  pelvis,  which,  however,  is  rarer  than 
leukoplakia  of  the  bladder,  and  the  metaplasia  of  the  epithehum 
of  the  pelvis  observed  in  the  case  of  Kitchenski,  seem  to  confirm 
the  idea  that  these  pavement  cell  cancers  are  due  to  epithe- 
liomatous  transformation  of  plaques  of  leukoplakia,  in  which, 
moreover,  we  can  observe  histologically  the  change  of  the  epi- 
thelium of  the  pelvis  into  stratified  pavement  epithehum.  The 
origin  of  these  plaques  of  leukoplakia  is  generally  attributed  to  a 
chronic  irritation  of  the  epithelium,  sometimes  easily  accounted 
for  by  the  presence  of  stones  but  more  generally  unknown.  In 
considering  the  role  played  by  stones,  he  states  that  they  may 
be  a  factor  in  the  formation  of  tumors,  either  directly  or  indirectly 
by  producing  leukoplakia,  but  it  is  possible  in  some  cases,  at 
least,  that  the  calcuh  are  secondary  and  are  due  to  the  urinary 
retention. 

Scheel's  case  is  interesting  because  there  was  present  beside 
the  cancer  a  papilloma.  He  states  that  the  tumor  must  have 
had  its  origin  from  metaplasia  of  the  transitional  epithelium. 
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He  further  states  that  it  has  never  been  definitely  proved  that 
normal  epithehmn  can  undergo  a  true  metaplasia,  and  even  if  it 
can,  there  must  be  some  predisposition  in  the  cells  to  such  a 
change  in  order  to  explain  why  mechanical  injury  does  not  always 
cause  metaplasia,  and  why  metaplasia  is  occasionally  observed 
without  any  history  of  mechanical  injury.  In  his  case  there  was 
no  history  of  any  lesion  that  could  have  caused  the  metaplasia. 
He  comes  to  the  conclusion  that  he  must  attribute  the  metaplasia, 
as  well  as  the  carcinoma  and  the  papilloma,  to  an  abnormal 
predisposition  in  the  epitheUal  cells  themselves. 

Scalone  comes  to  the  conclusion  that  his  case  of  epitheUoma 
of  the  kidney  was  probably  due  to  leukoplakia  of  the  pelvis, 
complicated  by  calcuU  and  colon  bacillus  infection. 

Grohe's  case  was  an  adenocarcinoma,  which  he  beUeves  origi- 
nated from  the  tubular  glands  of  the  kidney  pelvis  and  infiltrated 
the  pehds,  calyces,  fibrous  capsules  and  the  kidney  itself. 

Wehr's  case  is  remarkable  in  that  it  is  the  only  case  of  mixed 
tumor  found  in  this  series.  His  was  a  case  of  carcinomatous 
sarcoma,  originating  in  the  pelvis  and  infiltrating  the  kidney. 

SyMPTOMATOLOGY 

Hematuria  is  one  of  the  most  important  symptoms  of  tumors 
of  the  kidney  pelvis.  Very  often  it  is  the  only  symptom  that 
brings  the  patient  to  the  physician.  The  hematuria  usually  is 
painless,  without  any  history  of  trauma  and  ^dthout  the  produc- 
tion of  sjTnptoms.  Because  of  these  characteristics,  not  much 
stress  is  laid  on  the  presence  of  blood  in  the  urine,  so  that  when 
many  of  these  patients  finally  come  in,  the  chances  of  a  radical 
cure  are  out  of  the  question.  Hematuria  was  present  in  24 
cases  of  this  series.  The  length  of  time  which  the  hematuria 
was  present  varied  considerably;  in  some  it  was  noted  for  four, 
six  and  ten  years,  [in  others  for  a  number  of  months  or  weeks  or 
days.  In  one  case  the  hematuria  occurred  sixteen  j^ears  ago,  and 
in  this  instance  it  doubtless  had  nothing  to  do  ^ith  the  occur- 
rence of  the  tumor,  for  it  would  be  difl&cult  to  see  how  a  patient 
could  have  a  tumor  of  this  kind  for  that  length  of  time. 
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Pyuria.  It  is  usually  believed  that  tumors  of  the  kidney,  do 
not  show  the  presence  of  pus  in  the  urine.  That  this  clinical 
teaching  is  an  error  has  been  proved  by  a  few  of  these  43  cases, 
for  pus  was  found  in  the  urine  in  13  of  them.  Not  only  was  pus 
found  in  the  urine  in  these  cases,  but  a  pyonephrosis  was  dem- 
onstrated at  autopsy  in  5  cases.  There  was  also  a  hydroneph- 
rosis in  8  cases.     In  one  case  there  was  a  hematonephrosis. 

Gastric  symptoms  have,  as  a  rule,  been  very  rare.  In  this 
series  they  were  noted  in  but  3  or  4  cases.  Gaucher's  patient 
complained  of  abdominal  pain  and  digestive  disturbances.  One 
of  Hartmann's  patients  complained  of  vomiting  and  one  of  Retz- 
laff's  of  severe  gastric  distress.  My  own  patient  had  nausea 
after  food  intake  and  had  a  poor  appetite. 

A  palpable  tumor  was  found  in  14  cases. 

The  occurrence  of  metastases.  It  is  a  rather  striking  fact  that 
of  the  small  number  of  cases  which  forms  the  basis  of  this  re- 
port, a  review  shows  that  autopsies  were  carried  out  in  19 
cases.  The  autopsy  reports  show  that  metastases  were  found 
in  the  following  organs :  In  the  liver  in  8  cases,  the  peritoneum 
in  3  cases,  the  lungs  and  pleura  in  5  cases,  and  the  pancreas, 
heart,  spleen,  blood  vessels,  adrenal,  omentum,  diaphragm  and 
various  glands  in  isolated  cases.  Of  more  than  passing  interest 
are  the  cases  of  Beneke,  Schievelbein  and  Stiisser,  in  which 
metastases  were  found  in  the  osseous  system.  Hypernephro- 
mata,  as  is  well  known,  have  a  tendency  to  produce  bone  meta- 
stases. I  am  not  familiar  with  any  statements  relative  to  this 
fact  regarding  non-papillary  tumors  of  the  renal  pelvis,  yet  in 
this  small  number  of  cages  there  were  5  in  which  bone  meta- 
stases were  found;  in  the  femur  in  the  case  of  Stiisser,  and  in 
some  of  the  vertebrae  in  the  cases  of  Beneke,  Schievelbein, 
Bauer  and  Spiess. 

Involvement  of  the  ureter  was  mentioned  in  9  cases.  In  some 
the  involvement  was  for  but  a  short  distance,  and  in  others  for 
longer  distances ;  in  one  the  changes  were  noted  for  7  cm. 
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DIAGNOSIS 

In  order  to  be  of  help  to  patients  suffering  from  this  malady, 
it  is  essential  that  the  diagnosis  be  made  early  and  that  opera- 
tive treatment  be  instituted  at  once.  It  will  probably  be  diffi- 
cult to  make  an  accurate  diagnosis  as  to  whether  the  tumor  is 
primary  in  the  kidney  or  in  the  kidney  pehds,  so  that  the  diagnosis 
primarily  must  be  that  of  tumor  of  the  kidney.  In  the  cases  in 
which  the  diagnosis  can  be  made  by  palpation,  one  may  be  justi- 
fied in  assuming  that  these  cases  are  probably  beyond  our  reach. 
In  order  to  make  an  early  diagnosis,  one  should  resort  to  all 
methods  of  diagnosis,  namely,  the  roentgen-ra\'^,  pyelograms  and 
functional  kidney  tests,  besides  the  usual  general  physical 
examination. 

^Tiether  or  not  pyelograms  Tvill  aid  in  making  an  early  diag- 
nosis has  not  been  proved.  Reasoning  by  analogy,  I  think  one 
is  justified  in  making  the  statement  that  the  pyelogram  is  prob- 
ably the  best  single  agent  at  our  command  by  which  a  diagnosis 
can  be  estabUshed.  Pyelograms  were  mentioned  as  ha\'ing  been 
made  in  only  one  case  in  this  series,  that  of  Martin  and  Mertz. 
In  my  case,  as  can  be  seen  by  a  review  of  the  clinical  history, 
many  attempts  were  made  to  catheterize  the  ureters,  and  each 
attempt  was  a  failure.  Our  object  in  trying  to  catheterize  the 
ureters  was  to  perform  pv^elography.  WTiile  the  pyelogram  aids 
us  in  making  the  diagnosis  of  kidney  tumor,  it  probably  will 
not  aid  much  in  differentiating  the  tumor,  whether  renal  or 
pehdc  in  origin.  The  diagnosis  may  be  compUcated  by  the 
presence  of  renal  calcuh,  so  that  one  may  be  inclined,  because 
of  the  presence  of  the  shadows  in  the  roentgenogram,  to  diagnose 
stones  and  miss  the  tumor. 

The  diagnoses  as  given  in  these  43  cases  varied  considerably, 
and  were  as  follows:  in  11  pavement  epithehoma,  in  3  alveolar 
carcinoma,  in  2  scirrhous  carcinoma,  in  4  medullary  cancer,  in  2 
an  encephaloid  cancer,  in  3  cyhndrical  epithehoma,  in  2  squamous- 
celled  epithehoma,  in  2  primary  cancer,  in  4  epithehoma,  in  1 
epidermoidal  cancer,  in  6  there  was  carcinomatous  degeneration, 
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1  was  an  adenocarcinoma,  1  a  carcinomatous  sarcoma,  and  in  1 
there  was  a  pavement  epithelioma  of  the  kidney  tissue  and  a 
cyhndrical  epithehoma  of  the  kidney  pelvis. 

PROGNOSIS 

The  prognosis  in  these  cases  is  extremely  bad.  The  immediate 
or  operative  mortality  has  been  very  high.  Of  the  43  cases  here 
collected,  30  were  operated  on,  10  were  not  operated  on  and  in  3 
nothing  was  said  ab©ut  operation.  Of  the  number  operated  on, 
16  died  immediately  or  soon  after  the  operation,  so  that  the 
operative  mortality  in  this  series  must  be  placed  at  53.3  per  cent. 
Nor  is  the  prognosis  very  good  as  regards  an  ultimate  cure. 
In  my  case,  the  patient  lived  six  months  after  the  operation. 
The  average  duration  of  life,  as  compiled  from  this  series,  in  the 
cases  in  which  the  fact  was  mentioned,  has  been  seven  months 
and  fifteen  days.  The  longest  case  on  record,  as  far  as  I  know, 
is  that  of  Albarran,  reported  by  Mock,  in  which  the  patient 
lived  four  vears  after  the  kidney  was  removed. 

TREATMENT 

The  treatment  of  this  type  of  tumor  does  not  differ  from  the 
treatment  of  other  malignant  renal  tumors.  Nothing  short  of 
an  immediate  nephrectomy  should  be  done  as  soon  as  the  diag- 
nosis is  made.  Of  the  30  cases  in  this  series  that  were  operated 
on,  nephrectomy  was  performed  in  21;  of  this  number,  9  died, 
4  recovered,  and  in  7  the  result  was  not  stated.  Nephrotomy 
was  performed  in  3  cases,  of  which  2  died  and  in  the  third  the 
result  was  not  stated.  In  two  cases,  both  operations  were  per- 
formed ;  in  two  others  exploratory  laporatomy  was  performed  and 
in  one  a  gastro-enterostomy;  all  of  these  patients  died  after 
operation.  In  the  twenty-eighth  case  the  type  of  operation  was 
not  mentioned. 

CONCLUSIONS 

1.  Non-papillary  tumors  of  the  renal  pelvis  are  very  rare. 

2.  The  diagnosis  is  made  late  in  the  course  of  the  disease, 
generally  too  late  to  give  the  patients  much  hope  for  a  cure. 
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3.  Doubtless  more  of  the  tumors  will  be  recognized  early 
due  to  the  advances  in  diagnostic  measiu-es  and  to  the  more 
universal  use  of  the  cystoscope  in  all  cases  of  urinary  hemorrhage. 

4.  The  prognosis  is  always  very  grave. 

5.  The  operative  mortality  is  very  high  and  the  duration  of 
life  after  operation  in  su9cessfully  operated  cases  is  very  short. 

6.  The  presence  of  pus  in  the  urine  does  not  exclude  renal 
tumor. 
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DIVERTICULUIVI  OF  THE  BLADDER 

JAMES  A.  GARDXER 
Buffalo,  New  York 

Many  cases  of  vesical  diverticula  have  been  reported  within 
recent  years  and  a  large  literature  dealing  with  their  etiologj^  and 
treatment  has  developed.  In  former  days  the  condition  was 
frequently  overlooked  and  an  absolute  diagnosis  was  possible 
only  b}'  exploratory  operation.  With  the  development  of  the 
cystoscope  the  diagnosis  was  made  certain  and  much  informa- 
tion regarding  their  size  and  shape  learned  by  the  emplojTiient  of 
the  X-ray. 

Concerning  the  etiologj'  of  the  condition  much  has  been  writ- 
ten and  most  authorities  agree  upon  the  classification  di^'iding 
them  into  congenital  and  acquired.  English  (1)  inclines  to  the 
view  that  the  elements  composing  the  diverticulum  determine 
the  class  to  which  it  belongs:  that  the  congenital  variety  has 
muscular  coats  while  the  acquired  form  consists  solely  of  mucosa. 
I  am  inclined  to  agree  with  Lower  (2)  that  the  di\'ision  is  an  arti- 
ficial one  and  that  in  reahty  all  diverticula  are  acquired,  being 
brought  about  by  one  factor,  namely  urinary  obstruction. 
Thomas  (3)  has  gone  very  carefully  into  a  re\dew  of  the  literature 
concerning  the  embryology  and  etiology  of  diverticulum  and 
those  interested  in  the  various  views  of  the  subject  may  refer  to 
this  paper. 

Diverticula  vary  greatly  in  size,  ranging  from  very  small  out- 
pouchings  to  sacs  larger  than  the  bladder  itself.  Since  any  con- 
dition resulting  in  urinarj'  retention  inWtes  infection,  it  is  not 
imusual  to  find  marked  grades  of  inflanunation  present.  Calculus 
formation  frequently  complicates  the  condition  and  these  are 
not  infrequently  present  in  the  sac  itself.  The  more  conserva- 
tive procedures  such  as  catheterization,  bladder  irrigations,  etc., 
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frequently  fail  in  the  prevention  of  calculus-formation  and  it  is 
impossible  to  clear  up  the  infection  unless  the  diverticulum  and 
its  cause  are  radically  removed. 

DIAGNOSIS 

Diverticula  are  usually  discovered  during  the  routine  cysto- 
scopic  examination.  At  times  it  is  suspected  and  the  suspicion 
is  frequently  confirmed  following  catheterization,  for  a  few 
minutes  after  the  bladder  is  supposed  to  have  been  emptied,  a 
quantity  of  urine  is  found  in  the  bladder.  The  cystoscope  usu- 
ally makes  possible  only  the  diagnosis  of  the  condition  and  gives 
little  information  regarding  the  size  of  the  diverticulum,  for  it 
is  possible  only  in  rare  instances  to  examine  the  interior  of  the 
diverticulum  itself.  Regarding  the  size  and  the  presence  or  ab- 
sence of  calculus,  much  can  be  learned  by  means  of  the  X-ray. 
The  methods  which  are  usually  employed  in  this  study  are  the 
curling  up  of  a  shadow-graph  catheter  in  the  sac,  or  the  filling 
of  the  bladder  with  a  solution  impermeable  to  the  X-ray,  as 
bismuth,  thorium  or  one  of  the  silver  salts  as  argyrol,  collargol 
or  argentide.  After  filling  the  bladder  with  one  of  these  solu- 
tions it  is  examined  fluoroscopically  and  when  its  outlines  are 
well  defined,  the  plate  is  exposed  with  the  patient  in  this  position. 

Authorities  differ  in  opinion  as  to  the  advisability  of  cystoscop- 
ing  patients  before  prostatectomy,  some  claiming  that  it  is  un- 
necessary and  that  sufficient  information  can  be  gained  without 
this  frequently  painful  procedure.  In  three  cases  of  this  series, 
two  being  in  my  own  practice,  prostatectomy  was  advised  and 
the  diverticulum  overlooked.  In  one  of  these  cases,  the  diver- 
ticulum was  discovered  after  the  bladder  had  been  opened  and 
in  the  second,  it  was  not  until  cystoscopy  was  performed  to  ex- 
plain the  presence  of  16  ounces  of  residual  urine,  that  the  diver- 
ticulum was  discovered.  The  third  case  had  had  a  suprapubic 
prostatectomy  and  eight  months  later  a  perineal  prostatectomy 
by  two  different  surgeons.  Both  operations  were  followed  by 
no  improvement,  there  being  32  ounces  of  residual  urine.  The 
finding  of  the  large  diverticulum  fully  explained  the  presence  of 
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the  large  residual  urine.  Both  conditions,  namely,  the  enlarged 
prostate  and  the  diverticulum,  should  not  be  attacked  at  the 
same  time,  for  in  these  feeble  old  men  it  is  better  to  di\dde  the 
shock  and  give  them  a  rest  between  operations. 

In  case  7,  five  diverticula  were  found,  three  of  them  quite  large. 
The  three  larger  ones  were  resected  while  the  remaining  two 
seemed  so  small  that  it  was  thought  unnecessary  to  do  more 
than  dilate  the  constriction  about  the  neck  sufficiently  to  make 
them  an  integral  part  of  the  bladder.  The  patient  made  an 
uneventful  recovery  and  at  the  time  of  his  discharge  from  the 
hospital,  he  had  no  residual  urine.  Three  months  after  opera- 
tion, he  returned  with  5  ounces  of  residual  urine.  A  urethral 
stricture  was  primarily  the  cause  of  the  condition  and  upon 
investigation,  it  was  discovered  that  this  had  contracted 
causing  an  increase  in  size  of  the  two  small  diverticula.  Dilata- 
tion of  the  stricture  has  caused  a  disappearance  of  the  residual 
urine  and  I  hope  by  this  means  to  render  unnecessary  an  opera- 
tion for  their  removal. 

TECHNIQUE 

As  the  majority  of  diverticula  are  found  on  the  floor  of  the  blad- 
der in  the  neighborhood  of  the  ureteral  orifices,  the  technique  of 
this  removal  is  frequently  difficult.  The  method  of  attack  which 
I  have  usually  followed  is  that  suggested  by  Squier  in  his  Trans- 
peritoneal Operation  for  Bladder  Tumor.  The  sac  is  first 
stripped  of  its  covering  of  peritoneum,  and  the  ureter  is  located, 
as  transplantation  of  it  may  be  necessary  later.  The  prehminary 
introduction  of  a  catheter  into  the  ureter  as  suggested  by  Beer, 
when  possible,  frequently  simpUfies  the  location  of  the  ureter. 
Now  and  then  the  ureter  is  found  emptying  into  the  diverticulum 
or  is  firmly  attached  to  the  wall  of  the  sac  making  necessary 
ureteral  transplantation.  In  carrying  out  this  part  of  the  opera- 
tion, care  must  be  taken  in  selecting  a  point  for  transplantation 
which  vnll  put  the  ureter  under  no  tension.  Young's  idea  of 
carrjdng  the  incision  into  the  diverticulum  around  the  ureteral 
orifice,  serves  the  excellent  purpose  of  preser\'ing  the  ureteral 
sphincter,  and  renders  unnecessarj-  the  di\'ision  and  transplanta- 
tion of  the  ureter. 
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After  the  diverticulum  has  been  freed  of  the  peritoneal  cover- 
ing, the  bladder  is  opened  above  and  the  diverticular  sac  packed 
with  gauze,  after  the  method  of  Cabot  and  Lower.  This  pro- 
cedure greatly  facilitated  the  handling  of  the  diverticulum,  and 
renders  less  difficult  the  freeing  of  external  attachments.  After 
it  has  been  completely  freed,  it  is  inverted  into  the  bladder  cavity, 
tied  off,  and  divided  with  a  cautery  knife.  The  bladder  wall  is 
then  reinforced,  a  stab  wound  made  at  the  most  superior  point 
of  the  bladder,  a  Pezzer  catheter  inserted,  and  the  original  cys- 
totomy wound  closed.  This  idea  of  using  a  separate  opening 
for  the  Pezzer  catheter  was  suggested  by  Squier,  and  is  far  su- 
perior to  its  introduction  through  the  upper  end  of  the  original 
opening.  The  presence  of  the  catheter  usually  occasions  more 
or  less  sloughing,  frequently  resulting  in  the  breaking  down  of 
the  wound.  The  suprapubic  catheter  is  removed  at  the  end  of 
a  week,  and  an  in-dwelling  catheter  left  in  the  ureter  until  the 
suprapubic  wound  has  healed. 

Case  1.  D.  D.  G.,  age  68,  married,  admitted  July  11,  1910,  with 
the  history  of  frequent  urination  for  three  years.  Examination  re- 
vealed an  enlarged  prostate  and  on  cystoscopy  a  large  vesical  calculus 
was  discovered.  On  July  20,  1910  a  flat  calculus  which  measured  2\ 
inches  in  diameter  was  removed  through  a  suprapubic  incision.  On 
November  8,  1910  prostatectomy  with  removal  of  large  adenomatous 
prostate.  Following  operation,  the  cystitis  failed  to  clear  up  and  on 
August  6,  1910  cystoscopy  revealed  two  calculi.  A  suprapubic  cys- 
tostomy  was  performed.  One  stone  v/as  readily  removed  but  the  other 
of  dumb-bell  shape  was  found  to  be  tightly  fixed  in  the  neck  of  a  diver- 
ticulum, which  lay  to  the  left  of  the  midhne.  Considerable  difficulty 
was  encountered  in  dilating  the  neck  of  the  diverticulum  sufficient  to 
permit  of  the  removal  of  the  stone.  This  was  accomplished,  however, 
and  the  stone  alone  removed,  as  the  patient's  condition  contraindicated 
further  operative  procedure.  On  December  16,  1911,  the  patient  re- 
turned to  the  hospital  with  profuse  hemorrhage  per  urethram  and  on 
the  following  day  the  suprapubic  wound  opened.  After  continuous 
irrigation  the  hemorrhage  was  controlled.  The  patient  was  very  weak, 
remaining  in  the  hospital  for  three  months  before  the  hemorrhage 
ceased  entirely.  Surgical  treatment  was  refused  and  he  left  the  hos- 
pital with  instruction  to  irrigate  the  bladder  twice  daily.     On  October 
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2,  1914,  he  reports  that  he  was  fairlj-  comfortable  on  bladder  irriga- 
tions.    X-raj'  revealed  diverticulum  of  left  wall  of  bladder. 

Case  2.  S,,  age  80,  cotton  planter,  admitted  June  23,  1913,  com- 
plaining of  hematuria  with  clots  and  detritus  in  the  urine  for  three 
months.  On  cystoscopy,  a  diverticulum  was  found  on  the  base  of  the 
bladder  to  the  left  of  the  midline,  and  blood  was  seen  issuing  from  the 
diverticulum.**.  On  Jul}'  3,  1913,  a  suprapubic  cystostomy  was  per- 
formed and  the  diverticulum  which  was  small  was  found  to  contain  a 
papilloma."^ The  diverticulum  was  inverted  into  the  bladder,  the  neck  of 
the  sac  surrounded  by  a  purse  string  suture  and  divided  with  the  cau- 


FiG.  1.   Cystogram  of  Case  3 

tery^knife.  Recovery  uneventful.  The  patient  consulted  Dr.  Louis  E. 
Schmidt  in  1916  with  the  history  of  urinary  difficulty  and  hematuria 
for  several  months.  Examination  showed  a  verj-  extensive  carcinoma 
almost  completely  filling  the  bladder  and  death  followed  an  emergency 
cystostomy. 

Case  3.  Age  60,  married,  admitted  October  23,  1915  with  a  history 
of  injurj"^  to  the  spine  thirty  years  before,  followed  by  paralysis  of  the 
lower  extremities.  Catheterization  was  necessary  for  five  weeks,  and 
while  he  continued  to  have  more  or  less  urinarj-  difficulty,  he  did  not 
resort  to  the  catheter  imtil  ten  years  later  when  his  physician  advised 
catheterization  and  bladder  irrigation  before  retiring.     He  was  oper- 
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ated  upon  one  year  ago  and  a  vesical  calculus  removed.  Cystoscopy 
on  admission  revealed  a  stone  in  the  bladder.  On  November  2, 
1915,  a  litholapaxy  was  performed.  Three  days  later  a  diverticulum 
was  discovered  cystoscopically  and  on  the  following  day  the  bladder 
was  filled  with  argentide  and  a  cystogram  taken.  At  operation  on 
November  16,  the  bladder  wall  was  found  to  be  f  inch  in  thickness. 
It  was  impossible  to  pack  the  diverticulum  and  as  this  portion  of  the 
bladder  was  so  densely  adherent  to  the  surrounding  structures,  the 
diverticulum  together  with  a  considerable  portion  of  adjacent  bladder 
wall,  was  resected.  On  November  21  paralytic  ileus  developed  and 
the  patient  died  on  November  22. 


Fig.  2.    Cystogram  of  Case  5  Showing  Diverticulum  on  Left  Lateral  Wall 

OF  Bladder 


Case  4'  C.  Z.  K.,  age  49,  widower,  admitted  December  22,  1913. 
This  patient  gave  a  history  of  gonorrheal  urethritis  at  the  age  of 
twenty,  and  for  the  past  twenty  years  has  had  more  or  less  burning  on 
urination.  He  passed  blood  in  the  urine  for  the  first  time  six  months 
ago,  since  which  time  he  has  had  considerable  urinary  frequency,  which 
has  usually  been  most  marked  when  walking.  The  urine  was  foul  and 
there  was  a  marked  cystitis.  Bladder  capacity  7  ounces.  A  urethral 
stricture  admitting  a  No.  20-F.  sound  was  found  and  cystoscopy  showed 
a  diverticulum  on  the  right  wall  of  the  bladder.     Operation  refused. 

Case  5.  F.  F.  B.,  age  32,  married.  This  patient  was  first  seen  on 
April  7,  1915.     He  gave  no  history  of  any  previous  illness  and  denied 
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venereal  disease.  One  year  before  after  a  strain  while  lifting  he  de- 
veloped a  left  epididymitis  and  six  months  later  the  right  epididymis 
became  swollen.  Since  this  time  he  has  had  considerable  bm-ning  on 
urination.  On  examination  both  epididymes  were  enlarged.  Urine 
contained  long  shreds.  Blood  Wassermann  negative.  On  cystoscopy 
on  April  26,  1916,  a  diverticulum  was  found  on  the  left  side.  Refused 
operation. 

Case  6.  F.  H.  G.,  age  55,  male.  Admitted  January  23,  1915,  with 
the  history  of  an  attack  of  gonorrhea  twenty-five  years  before.  Ten 
years  ago  a  urethral  stricture  was  found  and  since  this  time  sounds 
have  been  passed  at  intervals.  Three  weeks  before  admission,  he  be- 
gan to  pass  pus  and  blood  and  was  required  to  get  up  four  or  five  times 


Fig.  3.    Cystogram  of  Case  7 

at  night.  Examination  revealed  a  strictm-e  in  the  deep  urethra,  ad- 
mitting a  No.  20-F.  sound.  This  was  readily  dilated  up  to  No.  28-F., 
and  after  silver  nitrate  irrigations,  some  improvement  was  noted. 
There  were  3  ounces  of  residual  urine.  The  instrumentation  was  fol- 
lowed bj'  considerable  local  reaction  and  on  July  23  it  was  not  possible 
to  pass  an  instrument  larger  than  No.  18-F.  This  was  followed  by 
marked  reaction  and  the  patient  was  admitted  to  the  hospital.  On 
August  13  an  internal  urethrotomy  was  performed,  following  which  the 
condition  of  the  urine  improved,  although  pus  was  still  present.  In- 
strumentation was  alwaj-s  followed  bj^  chill  and  elevation  of  tempera- 
ture. On  November  15,  1915,  catheterization  revealed  5  ounces  of  re- 
sidual urine  and  urination  was  accompanied  by  burning.    On  December 


446  JAMES    A.    GARDNER 

14  the  residual  urine  had  increased  to  6  ounces  and  the  patient  was 
sent  to  the  Homeopathic  Hospital  for  operation.  On  January  3,  1915. 
a  suprapubic  cystostomy  was  performed  and  a  large  diverticulum  re- 
sected.    Death  January  4. 

Case  7.  C.  G.,  age  42.  First  seen  December  10,  1915,  giving  a  his- 
tory of  four  attacks  of  gonorrhea,  the  first  attack  twenty-five  years 
before.  Five  years  ago  had  urinary  frequency  and  terminal  hema- 
turia. On  examination  the  blood  and  urine  were  well  mixed.  A  large 
calibre  stricture  was  found  in  the  posterior  urethra  and  cystoscopy  re- 
vealed the  opening  of  a  diverticulum  on  the  left  side.  At  operation  on 
January  7,  1916,  the  diverticulum  after  being  packed  with  gauze  was 


Fig.  4.    Cystogram  of  Case  8  Showing  Diverticulum  of  Left  Bladder  Wall 

dissected  loose  from  its  attachments,  inverted  and  tied  off  in  bladder. 
Recovery  uneventful. 

Case  8.  Dr.  J.  E.  This  patient  gave  a  history  of  scarlet  fever  seven 
years  before,  during  which  attack  he  had  considerable  urinary  urgency. 
Eighteen  months  ago  a  small  urethral  discharge  was  noted.  Shortly 
after  an  abscess  of  the  prostate  ruptured  into  the  urethra  and  since  this 
time  slight  hematuria  has  been  noted  at  intervals.  On  October  20, 
1916  cystoscopy  revealed  the  orifice  of  a  diverticulum  in  the  region  of 
the  left  ureter.  He  was  operated  upon  November  2  and  the  diver- 
ticulum resected.     Recovery  uneventful. 

Case  9.  J.  D.,  age  60.  First  seen  on  August  24,  1916,  giving  his- 
tory of  a  gonorrheal  infection  complicated  with  epididymitis  several 
years  before.     For  twelve  years  he  had  noted  more  or  less  difficulty  in 
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Fig.  5.  After  the  [Removal  of  Three  Large  Diverticula  and  the  Division 
OP  the  Necks  of  Two  Smaller  Ones 


Fig.  6.   Cystogram  of  C.\se  21  Showing  Two  Large  Diverticula  on  Left 
Lateral  Bladder  Wall 
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voiding  urine  and  during  the  five  months  prior  to  his  admission,  cathe- 
terization was  necessary.  Examination  revealed  a  prostatic  median 
bar,  for  which  condition  he  was  operated  September  1,  1916.  Follow- 
ing operation,  16  ounces  of  residual  urine  were  still  present  and  on 
cystoscopy,  three  large  and  two  small  diverticula  were  found,  this  find- 
ing being  confirmed  by  the  X-ray.  On  November  13,  1916,  the  three 
larger  diverticula  were  removed  and  the  necks  of  the  remaining  ones, 
which  were  small  and  very  shallow,  were  dilated  until  the  condition 
seemed  to  be  corrected.  Following  this  operation,  the  patient  made 
an  excellent  recovery.  On  February  23,  1917,  examination  revealed  5 
ounces  of  residual  urine  and  at  cystoscopy  on  March  1,  the  two  small 
diverticula  which  had  been  conservatively  treated  at  the  former  opera- 
tion had  enlarged  considerably.  Following  urethral  dilatation  the  pa- 
tient was  able  to  completely  empty  his  bladder. 

Case  10.  S.  R.  D.,  age  49.  Admitted  January  11,  1917,  with  the 
history  of  an  attack  of  gonorrhea  at  the  age  of  20.  In  October,  1915, 
a  suprapubic  prostatectomy  had  been  performed,  the  suprapubic  fistula 
remaining  open  for  eight  months.  Following  some  perineal  opera- 
tion, the  nature  of  which  could  not  be  learned,  the  suprapubic  wound 
healed,  but  the  healing  of  the  abdominal  wound  was  followed  by  the 
development  of  a  large  ventral  hernia.  From  this  time  on,  the  patient 
was  unable  to  empty  his  bladder  and  on  examination  32  ounces  of  resid- 
ual urine  were  found,  together  with  a  stricture  in  the  posterior  urethra. 
The  X-ray  revealed  a  large  diverticulum  at  the  apex  of  the  bladder. 
The  findings  fully  account  for  the  large  amount  of  residual  urine  and 
explain  the  inability  of  the  patient  to  empty  his  bladder. 

Case  11.  C.  E.  B.,  age  53.  First  seen  March  1,  1917,  with  the  his- 
tory of  hematuria  three  years  ago  and  more  or  less  pain  in  voiding  for 
nine  or  ten  years.  On  examination  a  stricture  of  24-F.  calibre  was 
found  in  the  posterior  urethra.  X-ray  revealed  two  large  diverticula 
on  the  right  wall  of  the  bladder.  On  March  10  both  diverticula  were 
resected.     Convalescence  uneventful. 
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ON  THE  CONTROL  OF  THE  SYMPTOMS  OF  DIABETES 
INSIPIDUS  BY  SUBCUTANEOUS  INJECTIONS  OF 
EXTRACTS  OF  THE  HYPOPHYSIS  CEREBRI  (PARS 
POSTERIOR  AND  PARS  INTERMEDIA) 

LEWELLYS  F.  BARKER  and  HER^IAN  O.  MOSENTHAL 
From  the  Medical  Clinic  of  the  Johns  Hopkins  Hospital 

INTRODUCTION 

To  be  compelled  to  pass  large  quantities  of  urine  at  short  in- 
tervals throughout  the  day  and  the  night  and  to  be  forced  to 
drink  correspondingly  large  quantities  of  water  to  slake  the  thirst 
are  sjinptoms  that  may  become  so  tormenting  as  to  make  the 
patient  manifesting  them  a  real  object  of  compassion.  In  severe 
diabetes  insipidus  the  polyuria  may,  as  everyone  knows,  be  ex- 
treme ;  the  quantity  of  urine  passed  each  twenty-four  hours  often 
amounts  to  10  or  12  litres,  in  one  case  on  record  it  was  as  much 
as  43  htres.  The  specific  gravity  is  very  low,  the  kidneys  being 
unable  to  excrete  a  concentrated  urine.  It  is  hard  for  a  normal 
person  to  conceive  of  the  thirst  these  patients  must  suffer,  if  we 
are  to  judge  of  thirst  by  the  amount  of  water  imbibed.  The  water- 
intake  in  Trousseau's  famous  case  reached  50  litres  in  the  twenty- 
four  hours.  ■  A  patient  will  sometimes  swallow  a  large  pitcherful 
of  water  as  a  single  drink  and  if  good  drinking  water  be  not 
available,  it  is  astonishing  to  what  lengths  a  sufferer  may  go 
in  the  effort  to  quench  his  thirst;  it  has  been  stated  that  Stru- 
bell's  patient,  deprived  of  water,  drank  his  own  urine ! 

In  the  severe  cases  of  diabetes  insipidus,  the  patients  often 
become  very  nervous.  The  poUakiuria  and  the  polydipsia  of 
the  day  are  troublesome  enough  but  at  night  they  interfere  with 
sleep,  and  few  people  can  experience  a  prolonged  insomnia  with- 
out growing  progressively  more  disturbed.  It  is  but  Uttle  won- 
der then  that  physicians  have  sought  eagerly  for  remedies  that 
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will  mitigate  the  symptoms  of  this  disease.    Many  measures 
have  been  tried,  but,  until  recently,  without  success. 

It  will  be  clear,  however,  from  the  case-history  to  be  recorded 
here,  which  is  in  agreement  with  a  few  other  case-histories  re- 
ported between  1913  and  now,  that  we  are  now  in  possession  of  a 
method  of  controlling  both  the  urinary  output  and  the  thirst  in 
patients  suffering  from  diabetes  insipidus,  to  their  great  ad- 
vantage. That  method  consists  in  the  subcutaneous  adminis- 
tration, at  certain  intervals,  of  suitable  amounts  of  extracts  of 
the  posterior  lobe  (and  pars  intermedia)  of  the  hypophysis  cere- 
bri. By  applying  this  method,  the  patient's  polyuria  and  poly- 
dipsia can  be  made  to  disappear  and  the  kidneys  will  again 
excrete  a  urine  of  normal  concentration. 

The  history  of  the  patient  before  the  hypophyseal-extract  therapy  was 

applied 

Katherine  L.,  single,  a  teacher  of  music,  aged  44,  was  referred  to 
one  of  us  on  February  17,  1917,  for  special  diagnostic  study  and  for 
treatment,  by  Dr.  Philip  S.  Roy  of  Washington,  D.  C.  She  complained 
of  passing  very  large  quantities  of  urine  at  short  intervals  throughout 
the  day  and  the  night,  of  sleeplessness,  of  nervousness,  of  excitability, 
of  trembling  of  the  hands  and  of  palpitation  of  the  heart.  On  admis- 
sion to  the  private  ward  of  the  Johns  Hopkins  Hospital  a  detailed 
anamnesis  was  recorded  by  Dr.  F.  H.  Kruse,  of  which  the  following  is  a 
summary. 

Family  History.  Negative  for  diabetes  insipidus.  Five  sisters  died 
in  infancy,  but,  as  far  as  is  known,  there  has  been  no  luetic  infection 
in  the  family.  The  father  is  living  and  well  at  the  age  of  86.  The 
mother  died  in  childbirth  at  41.  One  sister  died  of  pneumonia  at  39. 
Three  brothers  and  two  sisters  are  alive  and  well. 

Previous  History.  Aside  from  some  severe  febrile  disease  of  un- 
known nature  lasting  three  months  when  she  was  eighteen,  the  patient 
was  healthy  until  the  summer  of  1916,  when  the  present  illness  began. 
No  excess  in  the  use  of  tea,  coffee,  or  alcohol.  Menstruation  began 
rather  late  (eighteenth  year);  regular;  no  dysmenorrhoea;  each  period 
lasts  about  five  days;  flow  rather  profuse,  more  so  since  last  October. 

Present  Illness.  The  patient  states  that  her  unusual  thirst  began  in 
September,  1916.  She  looks  upon  the  thirst  as  the  beginning  of  her 
illness,  though  in  the  preceding  July  and  August  she  had  felt  very 
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tired  and  listless.  WTien  directly  questioned  she  admitted  that  for  at 
least  two  years  earher  she  had  felt  fatigue  more  easily  than  was  her 
wont  and  had  noticed  a  lack  of  her  accustomed  energy.  She  had, 
however,  gained  weight  during  the  summer  (increase  of  12  pounds 
between  July  and  October),  but  she  asserts  that  she  gains  weight  every 
summer,  and  loses  in  winter. 

When  the  thirst  began  in  September,  she  rapidly  increased  her 
fluid-intake,  drinking  large  quantities  of  water,  lemonade,  and  orange- 
ade. Before  long  she  found  that  she  was  drinking  from  8  to  10  quarts 
of  fluid  in  the  twenty-four  hours.  She  craved  water  and  sour  drinks, 
but  has  no  especial  desire  for  sweets.  She  drank  about  half  of  the  total 
fluid  at  night  and  the  amount  of  urine  voided  corresponded  closely  to 
the  amount  of  fluid  ingested.  The  frequent  voiding  interfered  with 
her  work  during  the  day  and  kept  her  from  sleeping  at  night  so  that 
she  grew  ever  more  nervous  and  distressed.  On  one  day  the  urinary 
output  was  11  Htres  and  the  specific  gravity  1001. 

In  the  middle  of  October,  1916,  she  became  so  weak  and  nervous 
that  she  was  compelled  to  rehnquish  her  teaching.  At  Dr.  Roy's  sug- 
gestion she  remained  in  bed  for  a  few  weeks,  during  which  time  she 
was  carefully  observed,  several  important  diagnostic  tests  were  made, 
and  a  variety  of  therapeutic  measures  were  tried.  Aside  from  pal- 
pitation of  the  heart  and  some  disturbances  of  digestion  (gaseous  eruc- 
tations; abdominal  discomfort),  there  were  no  sjTnptoms  except  those 
already  mentioned.  There  had  been  no  headache,  no  flushing,  no 
pains  in  the  hmbs,  no  hemianopsia  or  other  disturbance  of  vision. 
The  Wassermann  reaction  was  negative  in  the  blood-serum.  Nothing 
abnormal  could  be  made  out  on  ophthalmoscopic  examination.  The 
cerebrospinal  fluid  obtained  by  lumbar  puncture  was  found  to  be 
normal,  and  the  puncture  was  followed  by  severe  headache.  Contrary 
to  J.  B.  Herrick's  experience  and  that  of  Dean  Lewis,  the  polyuria  in 
our  case  remained  uninfluenced  by  the  lumbar  puncture. 

Dr.  Roy  treated  the  patient,  applying  the  several  drugs  that  have 
been  advised  for  diabetes  insipidus,  but  with  disappointing  results. 
Codeia,  ergot,  and  bromides  had  but  httle  if  any  favorable  effect. 
For  some  ten  days,  1  grain  of  thyroid-gland  substance  and  3  grains  of 
suprarenal-gland  substance  were  administered  thrice  daily  without 
avail.  Even  pituitrin  was  tried  and  abandoned  after  a  few  doses. 
Most  benefit  seemed  to  be  obtained  from  the  rest  in  bed;  after  it,  the 
patient  felt  stronger  and  less  nervous,  but  the  polynria,  the  pollakiuria, 
the  polydipsia,  and  the  insomnia  continued. 
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About  the  middle  of  December,  Miss  L.,  was  permitted  to  go  to  the 
country  and  to  indulge  in  gentle  exercise  in  the  open  air.  Though  she 
felt  weak  and  nervous  and  had  gaseous  eructations,  she  ate  fairly  well 
and  continued  to  drink  from  6  to  8  litres  of  water  daily.  In  February 
she  was  referred  to  us  for  special  study  in  the  hope  that,  after  experi- 
ment, some  method  of  controlling  the  polyuria  and  polydipsia  might 
be  worked  out. 

Physical  examination.  On  admission  to  the  private  ward,  general 
physical  examinations  were  made  by  several  members  of  the  staff 
(Barker,  Sprunt,  Carter,  Kruse)  and  a  nitmber  of  tests  were  made  by 
specialists;  the  findings  may  be  summarized  as  follows:  Height  5  feet 
4  inches;  weight  153  pounds;  moderate  obesity  (calculated  ideal 
weight  132  pounds);  temperature  ranging  between  99°  and  100°  (be- 
came normal  after  five  days  in  the  hospital);  moderate  tachycardia, 
pulse  varying  between  90  and  115  (the  rate  dropped,  and  after  the 
first  week  varied  between  76  and  83) . 

Bony  framework,  medium;  acra  of  head,  rather  prominent;  Roent- 
genogram of  sella  turcica,  normal;  some  spacing  of  the  upper  incisors; 
tendency  to  prognathism;  rather  marked  kyphosis  of  mid-dorsal  spine, 
but  no  gibbus;  thorax  shghtly  emphysematous  in  type;  pelvis  broad. 

Skin  clear,  soft,  but  rather  dry;  some  pigmentation  of  the  face  and 
especially  of  the  eyehds;  hair  of  head,  iron  gray,  abundant;  eyebrows, 
heavy;  long  eyelashes;  a  few  hairs  on  chin  and  upper  lip;  hirci  and 
crines  abundant  and  of  normal  feminine  type ;  subcutaneous  fat  some- 
what excessive,  being  especially  abundant  over  the  back  of  the  neck 
and  in  the  region  of  the  breasts,  though  fairly  evenly  distributed  else- 
where; in  the  extremities,  the  fat  is  proximally,  not  distally  distrib- 
uted; no  oedema;  tendency  to  erythema  of  neck,  upper  chest,  and 
back. 

Muscles  well  developed;  some  fine  tremor  of  the  fingers;  no  muscular 
atrophy.     Joints  normal.     Lymph  glands  normal. 

Pulse  accelerated  (vide  supra);  radial  arteries  just  palpable,  only 
shghtly  thickened;  blood  pressure  on  admission  210  systoHc,  120  dias- 
toHc;  it  fell  gradually  until  on  March  1st  it  was  175  systohc,  105  dias- 
toHc;  between  March  1  and  March  25  the  systohc  pressure  varied  be- 
tween 175  and  185,  and  the  diastohc  between  105  and  118.  Heart 
only  shghtly  enlarged;  apex  beat  forcible;  aortic  second  sound  loud 
and  ringing;  no  heart  murmurs.  No  retrosternal  dulness.  Lungs 
negative  on  physical  and  on  roentgenographic  examination.  Thyroid 
slightly  but  definitely  enlarged,  not  pulsating. 
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Teeth  spaced.  Infection  of  the  right  upper  second  and  third  molar 
roots  and  of  the  right  lower  first  bicuspid.  Many  cervical  erosions. 
Gingival  hypertrophy  (Dr.  C.  J.  Grieves). ^  Examination  of  digestive 
tract  otherwise  negative.  Large  mass  palpable  in  abdomen  (vide 
infra). 

Urine  on  admission;  pale,  day  urine  4640  cc,  night  urine  3650  cc, 
total  8290  cc.  Urine  voided  almost  hourly  in  amounts  ranging  from 
175  to  560  cc,  sUghtly  acid,  specific  gravity  1001  to  1004;  occasion- 
ally a  faint  trace  of  albumen  present;  no  casts;  a  few  white  blood  cor- 
puscles seen.  Phthalein  output,  first  hour  58  per  cent,  second  hour 
10  per  cent,  total  68  per  cent;  Ambard's  K.  =  0.221;  urea  N  in  100  cc. 
blood  =  11  mgm.  (For  other  special  studies  of  the  urine  in  the 
Chemical  Division  of  the  Laboratory  of  the  Medical  Clinic,  vide  infra.) 

The  kidneys  were  not  palpable.  No  signs  of  renal,  ureteral,  or  vesical 
calculus.  External  genitals  normal.  On  vaginal  examination  (Dr. 
Cullen),  cervix  uteri  small,  large  myomatous  uterus,  mass  extending 
upward  almost  to  umbihcus,  freely  movable. 

Blood  count:  R.  B.  C.  5,312,000;  W.  B.  C.  13,500;  Hb.  76  per  cent 
(Sahh);  no  parasites. 

Wassermann  reaction  in  blood  serum  negative. 

Nervous  sj'stem:  sensation  normal;  motility  normal;  deep  reflexes 
markedly  exaggerated  but  equal  on  the  two  sides;  superficial  reflexes 
normal;  coordination  normal;  psyche,  restless  and  excitable  at  first 
when  suffering  from  lack  of  sleep.  Stereoscopic  x-ray  of  skull  showed 
"marked  increase  of  vascularity,  especially  in  the  frontal  region"  (F. 
H.  Baetjer  and  C.  A.  Waters.) 

Eyes:  pupils  equal;  react  to  fight  and  accommodation;  extraocular 
movements  normal.  SHght  protrusio  bulborum,  v.  Graefe,  Dal- 
rymple  and  Rosenbach  signs  positive;  Moebius'  sign  negative.  Oph- 
thalmoscopic examination  (Dr.  Lloyd  Whitham): — nearly  negative. 
Possibly  sHght  temporal  pallor.  Vessels  in  both  eyes  somewhat  at- 
tenuated. Visual  fields  nearly  normal  though  there  is  some  interlacing 
of  the  outhnes  of  the  fields  for  red  and  green. 

Diagnosis.  Diabetes  insipidus;  dyshypophysism;  hyperthyroidism; 
oral  sepsis ;  arteriolar  sclerosis  with  arterial  hypertension  and  arteriolar 
nephropathy;  myoma  uteri.  * 

^  The  infected  teeth  were  extracted  and  the  sockets  curetted.  The  gums 
were  treated. 
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BRIEF   REVIEW   OF   SOME   OF   THE   NEWER   PUBLICATIONS   ON 
DIABETES   INSIPIDUS 

One  has  only  to  consult  Futcher's  careful  review  of  diabetes 
insipidus  in  the  second  edition  of  Osier  and  McCrae's  Modern 
Medicine  (1914)  to  see  how  many  methods  of  treatment  have 
been  tried  without  success  and  to  learn  how  unsatisfactory  our 
knowledge  of  the  real  nature  and  pathogenesis  of  the  disorder 
has  been  until  very  recently.  The  dangers  of  restricting  the 
fluid  intake  of  the  patient  are  now  generally  appreciated.  Ex- 
ceedingly interesting  observations  were  made  by  Tallqvist 
(1903),  E.  Meyer  (1905-1912)  and  others,  which  indicated  that 
the  kidneys  in  diabetes  insipidus  are  incapable  of  excreting  a 
concentrated  urine,  and  since  their  studies,  some  authors  have 
spoken  of  a  ''renal  type"  of  the  disorder.  Careful  studies  of 
renal  function  made  by  R.  Fitz  (1914)  in  Henry  Christian's 
Clinic  at  the  Peter  Bent  Brigham  Hospital  in  Boston  showed 
that  ''the  kidney  as  a  whole  was  normal,  but  gave  findings 
characteristic  for  vascular  hyposthenuria  with  vessels  hypersen- 
sitive to  chloride  stimulation."  Fitz  concluded  that  the  disease, 
at  least  in  the  case  he  studied,  was  "probably  not  due  to  a  pri- 
mary lack  of  ability  to  concentrate  on  the  part  of  the  kidney." 
In  1917,  J.  H.  Barach  of  Pittsburgh  reported  a  case  in  which 
the  output  was  11  litres,  but  the  kidney  could  concentrate, 
though  only  shghtly,  on  increased  ingestion  of  salt  and  urea. 

Two  great  steps  forward  were  made  (1)  when  the  experimental 
physiologists  (E.  A.  Schafer  and  his  colleagues  Magnus  and 
Herring)  began  to  recognize  the  effects  of  a  hormone  from  the 
hypophysis  cerebri  upon  ujinary  excretion  and  (2)  when  clinicians 
and  pathological  anatomists  discovered  the  frequent  association 
of  diabetes  insipidus  with  lesions  at  the  base  of  the  brain,  es- 
pecially with  lesions  (natural  or  experimental)  involving  the 
hypophysis  .cerebri  (E.  Frank,  1912;  H.  Cushing,  1913).  The 
earlier  physiological  work  had  indicated  that  injections  of  ex- 
tract of  the  pars  posterior  (and  pars  intermedia)  of  the  hypoph- 
ysis cerebri  caused  diuresis  in  experimental  animals.  When, 
therefore,  the  chnicians  and  pathologists  discovered  the   fre- 
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quent  association  of  diabetes  insipidus  with  lesions  of  the  hypoph- 
ysis cerebri,  they  put  forward  the  theory,  based  upon  a  too 
uncritical  acceptance  of  the  results  of  the  physiologists,  that 
diabetes  insipidus  is  due  to  a  hji^erf unction  of  the  posterior 
(and  intermediate)  parts  of  the  hypophysis.  At  times  the  cUni- 
cians  were  hard  put  to  it  to  make  their  observations  fit  in  with 
this  hypothesis,  especially  when  destructive  lesions  (neoplastic; 
surgical)  were  foxmd  to  be  associated  with  prolonged  polyuria,  a 
discrepancy  in  ideas  that  did  not  escape  A.  Biedl  (1913).  The 
knowTi  associations,  sometimes,  of  diabetes  insipidus  vdth.  dystro- 
phia adiposogenitahs,  the  latter  known  to  be  due  to  hypofunc- 
tion  of  the  hypophysis,  should  also  have  shaken  faith  in  the  \'iew 
that  diabetes  insipidus  is  due  to  hyperfunction  of  the  hypophysis. 
A  third  important  step  forward  was  made  by  Pentimalli  and 
Querela  in  1912.  These  investigators  found  that  in  the  isolated 
kidney  of  the  rabbit,  perfused  with  Ringer's  solution,  posterior 
lobe  extract  caused  constriction  of  the  renal  vessels  and  dim- 
inution of  the  urinary  outflow.  A  foiu-th  step  forward,  in 
our  opinion  a  huge  stride,  was  made  in  1913  by  Farini  in  Italy, 
and  by  von  der  Velden  in  Germany.  Farini  was  able  to  reduce 
polyuria  in  two  cases  of  diabetes  insipidus  and  looked  upon  the 
disease  as  due  to  insufficiency  of  the  hypophysis.  The  internist, 
R.  von  den  Velden,  working  in  A.  Hoffmann's  clinic  in  Diissel- 
dorf,  undertook  a  re\dsion  of  the  subject  of  the  relation  of  diu- 
resis in  human  beings  to  the  injection  of  hypophyseal  extracts. 
This  investigator  found  that,  in  human  beings  with  healthy 
kidneys,  the  injection  of  posterior-lobe  hypophyseal  extracts  did 
not  increase  but,  on  the  contrary,  diminished  diuresis.^  In 
patients  suffering  from  chronic  nephroses,  he  met  with  a  similar 
reaction  to  injections  of  posterior-lobe  extracts ;  diuresis  was  never 
increased;  the  excretion  of  both  water  and  NaCl  by  the  kidneys 
was  diminished.  While  conducting  these  experiments,  a  man 
suffering  from  diabetes  insipidus  came,  luckily  enough,  under 
von  den  Velden's  observation,  and  he  decided  to  try  in  this  pa- 

*  In  the  next  year  (1914),  Motzfeldt  also  found  he  could  check  diuresis  in  a 
series  of  fifteen  relatively  healthy  patients  by  injecting  pituglandol  whereas 
anterior-lobe  extracts  did  not  exert  this  effect. 
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tient  the  effects  of  injections  of  posterior-lobe  extracts.  He 
used  pituitrin,  hypophysin,  and  pituglandol  (the  posterior-lobe 
extracts  supplied  by  different  commercial  firms)  and  discovered 
that  all  three  would  compel  the  kidneys  to  double  or  triple  the 
concentration  of  the  urine  and  to  excrete  less  water  in  the 
urine.  Indeed,  the  curves  accompanying  his  article  show  that 
on  the  days  when  two  injections  of  pituitrin  were  administered 
the  urinary  output  became  practically  normal.  Associated 
with  the  disappearance  of  the  polyuria  the  thirst  disappeared, 
the  body-weight  increased,  the  patient  felt  better  generally,  the 
feeling  of  dryness  of  all  the  mucous  membranes  vanished  and 
the  appetite  improved.  The  patient  had  to  get  up  only  once  or 
twice  at  night  instead  of  eight  to  ten  times  to  urinate.  But  as 
soon  as  the  injections  were  left  off,  the  symptoms  reappeared  in 
full  severity.  Though  this  author  declined  at  the  time  to  offer 
an  explanation  of  the  mode  of  action  of  the  pituitrin,  and  es- 
pecially stated  that  "there  is  little  in  favor  of  the  idea  of  a  sub- 
stitution therapy,"  his  clinical-experimental  studies  were  the 
first  to  show  that  substances  derived  from  the  posterior  (and 
intermediate)  parts  of  the  hypophysis  cerebri  injected  subcu- 
taneously  into  human  beings  can  make  the  symptoms  of  dia- 
betes insipidus  disappear  as  if  by  magic. 

von  den  Velden's  report  has  been  followed  by  reports  from 
other  clinicians,  recording  similar  results  in  the  treatment  of 
diabetes  insipidus.  We  may  mention  the  articles  by  Farini 
(1913),  Romer  (1913,  1914),  Biach  (1914),  Frey  and  Kumpiess 
(1914),  Umber  (1914),  Falta  (1915),  E.  Graul  (1915),  Hoppe- 
Seyler  (1915),  Kleeblatt  (1915),  von  Konschegg  and  Schuster 
(1915),  H.  Strauss  (1916),  K.  Motzfeldt  (1916),  H.  Bab  (1916), 
H.  Bab  (1916-17),  and  G.  Maranon  (1917). 

At  about  the  time  our  patient  entered  the  hospital  for  study, 
the  papers  by  Bab  (1916-17)  and  by  Motzfeldt  (1917)  came  into 
our  hands.  In  Bab's  article,  the  bibhography  is  thoroughly  and 
critically  sifted;  his  paper,  in  our  opinion  is  especially  valuable 
for  its  careful  presentation  of  the  whole  subject  from  the  physio- 
logical, pathological  physiological,  and  clinical-experimental 
sides.    Bab  concludes  that  the  hypophysis  cerebri  must  be  re- 
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garded  as  the  central  regulatory  station  for  the  control  of  the 
physiological  functions  of  the  urogenital  system,  that  diabetes 
insipidus  is  the  result  of  a  hyposecretion  of  the  pars  intermedia 
(or,  sometimes,  of  a  disturbance  of  the  reception  of  the  secretion 
in  the  pars  posterior,  or  of  the  propagation  of  the  secretion  in  the 
cerebral  lymph-lacunae).  He  beUeves  that  the  kidneys,  in 
themselves,  are  healthy  in  diabetes  insipidus,  but  that  their 
power  to  excrete  a  concentrated  urine  fails  because  of  the  lack 
of  the  secretion  from  the  pars  intermedia  of  the  hypophysis; 
the  kidneys  function  normally  again  if  the  secretion  (from  an  ex- 
ternal source)  is  supphed  through  subcutaneous  injections.  A 
hyperfunction  of  the  hypophysis  cannot  be  the  cause  of  diabetes 
insipidus.  In  ISIotzfeldt's  paper,  a  series  of  most  interesting 
experiments  carried  on  in  the  laboratory  of  Harvey  Cushing's 
clinic  are  fully  reported.  Motzfeldt  beheves  that  the  discrep- 
ancies in  the  results  reported  by  physiologists  are  due  to  the 
methods  employed.  In  the  early  experiments  (Magnus  and 
Schafer)  anesthetized  animals  were  used  and  diuresis  followed 
injection  of  posterior-lobe  extracts.  In  his  own  experiments 
Motzfeldt  used  rabbits,  kept  quiet,  without  anesthesia,  by 
placing  them  upon  their  backs.  Artificial  pol^iiria  foUo-^ing  the 
injection  of  water  into  the  stomachs  of  these  rabbits  is  definitely 
checked  by  subcutaneous  injection  of  posterior-lobe  extracts. 
The  effect  could  be  obtained  constantly  and  was  proven  to  be 
independent  of  intestinal  absorption  and  of  vagal  influences. 
It  could  be  prevented  by  section  of  the  splanchnics  or  of  the 
renal  nerves  near  the  hilus  of  the  kidney.  Motzfeldt  concludes 
that  the  secretion  of  the  pars  intermedia  of  the  hj'pophysis 
exerts  its  anti-diuretic  effect  through  stimulation  of  the  sym- 
pathetic nerves,  influencing  especially  the  renal  vasomotor 
system. 

RESULTS   OF  THERAPY   PERSONALLY   OBSERVED 

As  we  have  pointed  out  above,  the  treatment  of  diabetes 
insipidus  by  various  methods,  such  as  restriction  of  the  fluid 
intake,  antiluetic  therapy  and  spinal  pimcture,  has  not  been 
consistently  successful.     It  was  only  when  the  subcutaneous 


458        LEWELLYS  F.   BARKER  AND   HERMAN   O.   MOSENTHAL 

(or  intravenous)  injection  of  the  extract  of  the  posterior  lobe 
of  the  hypophysis  was  employed  that  the  much  sought  for  relief 
from  this  affliction  was  obtained.  Thus  far,  comparatively 
few  cases  treated  by  this  method  have  been  reported  and  on 
account  of  the  small  number  of  observations  recorded,  it  would 
seem  essential  that  the  value  of  hypophyseal  extracts  in  this 
connection  should  be  substantiated.  It  might  very  well  be 
that  diabetes  insipidus  is  a  syndrome  that  can  be  produced  not 
only  by  insufficiency  or  other  derangement  of  hypophyseal 
function  but  also  by  other  pathological  processes.  If  this 
should  turn  out  to  be  true,  ultimately  instances  of  the  disease 
would  be  met  with  in  which  the  injection  of  hypophyseal  ex- 
tract would  not  reduce  the  increased  urinary  excretion,  and  a 
still  clearer  conception  of  the  mechanism  of  what  have,  until 
a  short  time  ago,  been  considered  idiopathic  polyurias  would 
be  arrived  at.  The  treatment  of  the  patient,  detailed  in  this 
communication,  yielded  results  that  did  not  differ  appreciably 
from  those  reported  by  other  authors  who  have  injected  pos- 
terior-lobe extracts.  The  facts  given  may,  therefore,  be  con- 
sidered as  confirming  previous  observations. 

Our  patient,  K.  L.,  was  kept  throughout  her  stay  in  the 
hospital  on  a  fairly  constant  diet,  low  in  salt  and  protein;  water 
was  allowed  in  any  quantity  desired.  In  table  1  are  given 
the  hourly  volume  and  the  salt-  and  the  nitrogen-concentra- 
tion of  the  urine  before  any  treatment  other  than  the  dietary 
restriction,  mentioned  above,  was  instituted.^  It  will  be  seen 
from  table  1  that  even  when  the  food  contained  but  a  small 
amount  of  material  yielding  end-products  that  are  excreted 
by  the  kidneys  this  patient  voided  a  urine,  the  twenty-four- 
hour  volume  of  which  was  above  8000  cc.  and  in  which  the 
hourly  quantity  rose,  at  times,  as  high  as  560  cc;  the  maxi- 
mum of  salt-concentration  was  only  0.13  per  cent  and  that  of 
the  nitrogen-concentration  0.14  per  cent;  the  specific  gravity 
varied  between  1002  and  1004.  Further  tests  performed  under 
similar  conditions  yielded  practically  identical  results. 

*  The  nitrogen  was  determined  by  the  Kjeldahl  process,  and  the  sodium  chlorid 
according  to  Volhard,  in  all  the  tests. 
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In  carrying  out  the  treatment  by  subcutaneous  injection,  two 
preparations  were  used:  ''pituitrin"  and  ''pituitary  liquid." 
Both  of  these  are  extracts  of  the  pars  posterior  (and  pars  inter- 
media) of  the  hypophysis  cerebri  (or  pituitary  body),  the  former 
being  the  product  of  Parke,  Davis  and  Company,  the  latter  of 
Armour  and  Company.     One  preparation  apparently  is  as  eflfica- 

TABLE  1 
Hourly  specimens  and  analyses  of  urine  uninfluenced  by  medication 


TIME 

UKIN-B 

Volume 

Specific 
gravity 

NaCl 

N 

1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

a.m. 

8-9 

9-10 

10-11 

11-12 

p.m. 

12-1 

1-2 

2-3 

3^ 

4-5 

5-6 

6-e 

7-8 

8-9 

ee. 

360 
245 
560 
390 

485 
455 
280 
290 
360 
280 
175 
375 
385 

1,002 

1,003 
1,002 
1,003 

1,003 
1,003 
1,003 
1,003 
1,003 
1,003 
1,004 
1,003 
1,003 

per  cent 
0.05 
0.04 

0.05 
0.05 

0.05 
0.05 
0.02 
0.02 
0.01 
0.13 
0.04 
0.12 
0.02 

grams 
0.18 
0.10 
0.28 

0.20 

0.24 
0.23 
0.06 
0.06 
0.04 
0.36 
0.07 
0.45 
0.08 

per  cent 

0.07 
0.07 
0.06 
0.07 

0.06 
0.07 
0.05 
0.14 
0.08 
0.08 
0.07 
0.08 
0.07 

grams 
0.25 
0.17 

0.34 
0.27 

0.29 
0.32 
0.14 
0.41 
0.29 
0.22 
0.12 
0.30 
0.27 

Total  day 

9  p.m.  to  7  a.m.  . . . 

4,640 
3,650 

'  1,003 

0.05 

2.35 
1.83 

0.07 

3.39 
2.56 

Total  23  hours 

8,290 

4.18 

5.95 

cious  as  the  other.  The  response  of  the  kidneys  to  numerous  in- 
jections was  constant  throughout,  and  only  a  few  typical  ex- 
amples are  given.  The  most  favorable  effect  was  obtained  when 
two  or  more  injections  of  not  less  than  1  cc.  each,  of  either 
preparation,  were  given  during  the  course  of  the  day.  It 
may  be  noted  that,  in  table  2,  the  second  injection  was  much 
more  potent  than  the  first  in  reducing  the  poljiiria,  in  increas- 
ing the  specific  gra\dty,  and  in  raising  the  salt-  and  nitrogen- 
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concentration  in  the  urine.  From  4  to  8  p.m.  the  urine  of  this 
patient  when  thus  influenced  was  not  very  different  from  that 
of  a  normal  person.  The  effect,  however,  was  not  a  lasting  one, 
since,  even  in  the  urine  voided  a  few  hours  later  during  the  night, 
there  was  distinct  evidence  that  the  influence  of  the  injected 
hypophyseal  extract  was  rapidly  diminishing.  With  two  in- 
jections of  1  cc.  each  during  the  day,  this  patient  was  made  per- 

TABLE  2 

Note  the  marked  effect  of  the  second  injection  of  "pituitary  liquid^'  in  producing 
oliguria,  in  raising  the  specific  gravity,  and  in  increasing  the  concentration  of 
N  and  of  NaCl.  Two  injections  of  1  cc.  of  either  "pituitrin"  of  "pituitary 
liquid"  during  twenty-four  hours  constituted  the  minimal  dosage  and  the  smallest 
number  of  injections  that  ivere  efficacious  in  this  patient 


URINE 

Volume 

Specific 
gravity 

NaCl 

N 

8-10            1 
8.30  a.m.*/ 

10-12 

12-  2 

2-4            1 
3.45  p.m.*/ 
4-  6 
6-8 

cc. 

390 

210 

188 

2fe5 

85 

m 

1,005 

1,008  . 
1,007 

1,005 

1,013 
1,010 

per  cent 

0.18 

0.24 
0.14 

0.06 

0.55 
0.16 

fframs 

0.70 

0.50 
0.26 

0.18 

0.47 
0.15 

per  cent 
0.13 

0.10 
0.21 

0.15 

0.41 
0.43 

grams 

0.51 

0.21 
0.39 

0.44 

0.35 
0.41 

Total  day 

1,263 
1,430 

1,005 

0.30 

2.26 
4.29 

0.16 

2  31 

Night,  8-8 

2  29 

Total  24  hours 

2,693 

6.55 

4.60 

*  1  cc.  "pituitary  liquid"  intramuscularly. 


fectly  comfortable,  and  apparently  the  efficacy  of  the  extract 
did  not  diminish  over  a  period  of  four  weeks'  trial  in  the  hos- 
pital nor  after  about  one  month's  continuation  of  the  therapy 
at  home.  The  patient  having  once  experienced  the  relief  af- 
forded by  the  injections  refused  to  do  without  them.  On  days 
when  other  modes  of  therapy  were  being  tried,  she  complained 
bitterly  of  the  symptoms  and  begged  for  the  injection  of  the 
hypophyseal  extract. 
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TABLE  3 

The  result  of  a  single  injection  of  "pituitary  liquid."     The  effect  was  only  tem,- 

porary,  and  did  not  relieve  the  patient  much 


URINE 

TIME   OF  DAT 

Volume 

Specific 
gravity 

NaCl 

N 

9-11  'l 
11  a.m.*/ 
11-1 

1-3 

3-5 

5-7 

7-9 

cc. 
515 

154 
164 
112 
600 
520 

1,003 
1,010 

1,006 
1,006 
1,003 
1,003 

per  cent 

0.02 

0.45 
0.15 
0.04 
0.04 
0.02 

grams 

0.10 

0.69 
0.25 
0.04 
0.24 
0.10 

per  cent 
0.10 

0.19 
0.27 
0.40 
0.11 
0.10 

grams 
0.52 

0.29 
0.44 
0.45 
0.66 
0.52 

Total  day 

2,065 
5,240 

1,003 

0.06 

1. 42 
3.14 

0.07 

2.88 

Night,  9-9 

3.67 

Total  24  hours 

7,305 

4.56 

6.55 

"Pituitary  liquid"  4  cc.  intramuscularly. 


TABLE  4 
Very  transient  therapeutic  results  with  0.5  cc.  doses  of  "pituitrin" 


URINE 

riME    OF  DAT 

Volume 

Specific 
gravity 

XaCl 

N 

9-10 
10-11 
11-12 

12-1              \ 
12.10  p.m.*/ 

1-3 

3-0        \ 

5  p.m.*/ 

5-7 

7-9 

cc. 
540 
770 
620 

28 

120 

470 

90 

288 

1,002 
1,002 

1,002 

1,004 

1,007 

1,003 

1,010 
1,005 

per  cent 
0.02 
0.14 

0.02 

0.19 

0.11 

0.21 

0.10 
0.03 

grams 

0.11 
1.08 
0.12 

0.05 

0.13 

0.99 

0.09 
0.09 

per  cent 

0.07 
0.04 
0.05 

0.19 

0.08 

0.13 

0.41 
0.22 

grams 

0.38 
0.31 
0.31 

0.05 

0.10 

0.61 

0.37 
0.63 

Total  day 

2,926 
5,160 

1,003 

0.11 

2.66 
5.68 

0.07 

2.76  , 

Night,  9-9l 

10  p.m.*     / 

3.61 

Total  24  hours 

8,086 

8.34 

6.37 

*  "Pituitrin"  0.5  cc.  intramuscularly. 
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The  questions  now  arise:  May  the  quantity  of  the  extract 
used  be  diminished,  and,  may  the  intervals  between  injections 
be  prolonged?  We  must  answer.  No;  not  without  seriously 
interfering    with    the    patient's    comfort.     A    single    injection, 

TABLE  5 

Data  from  urinary  specimens  collected  in  the  course  of  twenty-four  hours.  "Tethe- 
lin"  (prepared  from  the  anterior  lobe  of  the  hypophysis  by  Dr.  T.  Brailsford 
Robertson)  was  injected  liberally  and  apparently  without  effect.  A  single  in- 
jection of  pituitrin  given  at  1  a.m.  in  order  that  the  patient  might  get  some  sleep 
was  probably  responsible  for  the  slightly  increased  concentration  of  salt  in  the 
night  specimen 


URINE 

TIME    OF   DAT 

Volume 

Specific 
gravity 

NaCl 

N 

8  a.m.*       1 

9.00-10.20J 

10.20-11.00 

11.00-12.55 

12.55-3.00\ 

1p.m.*     / 

3.00-5.00 

5.00-7.00\ 

6  p.m.*     / 

7.00-8.15 

8.15-9.00 

cc. 

610 

680 
595 

590 

670 

420 

550 
440 

1,003 

1,002 
1,002 

1,003 

1,003 

1,003 

1,002 
1,002 

per  cent 

0.06 

0.08 
0.02 

0.04 

0.04 

0.04 

0.02 
0.01 

grams 

0.37 

0.54 
0.12 

0.24 

0.27 

0.17 

0.11 
0.04 

per  cent 

0.09 

0.10 
0.07 

0.10 

0.07 

0.11 

0.08 
0.07 

grama 

0.55 

0.68 
0.42 

0.59 

0.47 

0.46 

0.44 
0.31 

Total  day 

4,555 
5,220 

1,003 

0.17 

1.86 

8.87 

0.08 

3.92 

Night,  9-9' 

10  p.m.*     

1  a.m.t, 

4.18 

Total  24  hours 

9,775 

10.73 

8.10 

*  100  mgm.  tethelin  subcutaneously. 
t  Pituitrin,  1  cc.  subcutaneously. 


even  if  it  were  a  large  one,  was  repeatedly  found  to  be  inefficient. 
In  table  3,  the  influence  of  a  single  injection  of  4  cc.  is  seen 
to  have  lasted  but  four  hours,  and  did  not  afford  the  patient 
very  much  relief.  Injections  of  amounts  smaller  than  1  cc. 
failed  to  yield  any  but  very  transient  therapeutic  results  (table 
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TABLE  6 
The  injection  of  "adrenalin"  did  not  influence  the  urinary  secretion 


UBIME 

Volume 

Si)ecific 
gravity 

NaCl 

N 

cc. 

per  cent 

gram* 

per  cent 

gramM 

9.00-10.00 

300 

1,003 

0.04 

0.12 

0.06 

0.18 

10.00-11.00 

465 

1,002 

0.04 

0.19 

0.07 

0.33 

11.00-11.30* 

275 

1,003 

0.04 

0.11 

0.04 

0.11 

11.30-12.30 

550 

1,002 

0.03 

0.17 

0.05 

0.28 

12.30-  1.00 

290 

1,002 

0.05 

0.15 

0.05 

0.15 

*  "Adrenalin"  (1:  1000),  10  minims,  subcutaneously. 

TABLE  7 
Urine  analyses  from  specimens  collected  during  a  day  on  which  "pituitary  tablets" 
were  given  by  mouth  in  large  doses.     The  results  do  not  show  any  improvement 
over  the  period  when  no  medicine  uxis  given  (see  table  1). 


UBtN-X 

TIME    OF   DAT 

Volume 

Specific 
gravity 

NaCl 

N 

6  a.m.*      \ 
9.00-10.00/ 

10. 00-11. ool 

10  a.m.*      J 
11.00-11.45 
11.45-  1.00 
1.00-  2.00 
2.0O-  3.00\ 
2p.m.t      J 
3.00-  4.15 
4.15-  5.00 
5.00-  6.001 
6p.m.t      j 
6.00-  7.00 
7.00-  7.50 
7.50-  9.00\ 
Sp.m.t      / 

ce. 

485 

610 

480 
540 
435 

515 

565 
265 

405 

440 
415 

600 

1,003 

1,003 

1,004 
1,004 
1,003 

1,003 

1,003 
1,004 

1,003 

1,003 
1,003 

1,003 

per  cent 
0.09 

0.03 

0.06 
0.06 
0.03 

0.03 

0.02 
0.02 

0.04 

0.04 
0.04 

0.03 

grams 
0.44 

0.18 

0.29 
0.32 
0.13 

0.15 

0.11 
0.05 

0.16 

0.18 
0.17 

0.18 

per  eerU 
0.06 

0.03 

0  03 
0.05 
0.06 

0.06 

0.05 
0.07 

0.06 

0.06 
0.07 

0.05 

grams 
0.29 

0.18 

0.14 
0.27 
0.26 

0.31 

0.28 
0.19 

0.24 

0.26 
0.29 

0.30 

Total  day 

5,755 

2.36 

3.01 

*  Six  tablets  by  mouth. 

t  Four  tablets  by  mouth. 

*  Note. — Each  tablet  contained  ^V  grain  extract  of  the  posterior  lobe  of  the 
p'tuitary  body. 
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4).  On  seventeen  days  injections  of  ''pituitrin"  or  of  "pituitary 
extract,"  were  given  at  varying  intervals  and  in  different  doses 
and  the  results  carefully  observed.  The  above  three  examples 
(tables  2,  3,  and  4)  represent  the  practical  results  that  were 
obtained. 

Injections  of  the  anterior  lob6  of  the  hypophysis,  in  the  form 
of  "tethehn,"  kindly  supplied  by  Dr.  T.  Brailsford  Robertson  of 


TABLE  8 


"Pituitary  liquid"   {administered  by  soaking  it  up  in  cotton  and  placing  it  under 
the  tongue).    No  changes  in  the  urinary  secretion  were  noticeable 


UBINB 

Volume 

Specific 
gravity 

NaCl 

N 

9-11       \ 
9  a.m.*/ 
11-1 

1  p.m.*/ 
3-5 

^7        1 
5  p.m.*/ 
7-9        \ 
9  p.m.*/ 

cc. 

490 
700 
505 
780 
470 

760 

1,003 

1,003 
1,003 
1,003 
1,003 

1,001 

per  cent 

0.06 
0.04 
0.04 
0.02 
0.04 

0.02 

grams 

0.29 
0.28 
0.20 
0.16 
0.19 

0.15 

per  cent 

0.10 
0.07 
0.11 
0.08 
0.11 

0.08 

grams 
0.49 
0.49 
0.56 
0.62 
0.52 

0.61 

Total  day 

3,705 
6,140 

1,004 

0.09 

1.27 
5.53 

0.05 

3.29 

Night,  9-9 

3.07 

Total  24  hours 

9,845 

6.80 

6.36 

*  "Pituitary  liquid"  1  cc,  on  cotton,  under  the  tongue. 


San  Francisco  were  without  effect  (table  5).     The  same  was 
true  of  injections  of  "adrenalin"  (table  6). 

Administration  of  the  extract  of  the  posterior  lobe  by  mouth 
in  tablet  form,  even  in  fairly  large  doses,  did  not  prove  to  be 
of  value  (table  7).  Inasmuch  as  some  drugs  are  absorbed  more 
readily  by  the  mucous  membrane  of  the  tongue  and  mouth 
than  when  they  are  swallowed,  this  procedure  was  resorted  to, 
but  without  any  observable  favorable  influence  (table  8). 
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Motzfeldt,  on  the  other  hand,  was  able  to  check  the  polyuria 
in  his  cases  by  feeding  the  fresh  posterior  lobe  obtained  from  the 
ox.  In  his  experiments  on  rabbits,  he  checked  diuresis  by  oral 
administration  but  gave  relatively  enormous  doses — fifty  times 
the  dose  that  was  efiicient  on  subcutaneous  administration. 

SUMMARY 

The  urine  of  patients  suffering  from  diabetes  insipidus  may 
be  diminished  in  amount,  its  specific  gravity  can  be  raised,  and 
the  percentage  of  sodium  chlorid  and  of  nitrogen  that  it  con- 
tains can  be  increased  by  injections  of  the  extract  of  the  pars 
posterior  (and  pars  intermedia)  of  the  hypophysis  cerebri. 
To  afford  the  patient  appreciable  relief  from  the  polyuria,  it  is 
necessary  to  administer  the  "pituitrin"  or  "pituitary  hquid" 
by  subcutaneous  injection  and  to  give  not  less  than  two  doses 
of  at  least  1  cc.  each  in  the  course  of  every  twenty-four  hours. 
These  extracts  do  not  lose  their  efficiency  when  given  daily  over  a 
long  period.  Administration  by  mouth  was  without  effect. 
Tethelin  and  adrenalin  do  not  seem  to  be  of  any  value  in  the 
treatment  of  diabetes  insipidus. 
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A  STUt)Y  OF  THE  EFFECT  OF  THYROID  MEDICATION 
ON  THE  BASAL  METABOLISM,  RENAL  FUNCTION 
AND  NITROGEN  BALANCE  IN  CHRONIC  NEPHRITIS 
AND  IN  HYPOTHYROIDISM 

BYRON  D.  BOWENi  and  WALTER  M.  BOOTHBY* 

From  the  Medical  Clinic  and  Respiration  Laboratory  of  the  Peter  Bent  Brigham 
Hospital,  Boston,  Massachusetts 

Peabody,  Meyer  and  Du  Bois  (1)  have  found  that  in  patients 
with  compensated  cardiac  lesions  or  with  mild  nephritis  the  basal 
metabohsm  is  not  increased.  Further  studies  by  Aub  and  Du 
Bois  (2)  show  that  in  general  the  type  of  nephritis  with  edema  is 
accompanied  by  a  decrease  in  the  metabolism,  and  the  type  of 
nephritis  without  edema,  by  a  shght  increase  in  the  metabolism. 
These  findings  have  been  confirmed  by  one  of  us  (Boothby)  (3)  in 
his  metabolic  studies  on  chronic  nephritis. 

The  possible  relation  of  decreased  thyroid  activity  to  low  renal 
function  was  suggested  by  Dr.  Christian  from  results  obtained 
from  thyroid  therapy  in  the  following  case. 

W.  H,  C.  (Med.  no.  426),  a  male,  aged  forty-eight  years,  was  ad- 
mitted to  the  Medical  Service  of  the  Peter  Bent  Brigham  Hospital  in 
October,  1913.  This  patient  had  the  characteristic  appearance  and 
mental  attitude  of  deficient  thyroid  activity.  The  symptoms  were,  how- 
ever, somewhat  masked  by  a  distinct  cardio-nephritic  element.  The 
urine  contained  a  trace  of  albumin  and  was  loaded  with  hyaline  and 
granular  casts.  The  phthalein  output  was  21  per  cent  in  two  hours. 
He  showed  some  improvement  on  Karell  diet  and  digitalis  for  four  days. 
The  administration  of  0.9  gram  thyroid  extract  for  twelve  days  resulted 
in  still  further  improvement,  both  physical  and  mental.  Likewise,  the 
albumin  disappeared  from  the  urine  and  the  casts  greatly  decreased  in 
number.  The  phthalein  excretion  in  two  hours  increased  to  55  per 
cent.  In  December  he  was  discharged  much  improved.  Three  months 
later  he  was  readmitted  with  marked  exacerbation  of  the  cardio-renal 
symptoms.  Thyroid  feeding  was  again  tried  but  without  apparent 
benefit.     He  passed  into  coma  and  died  April  2,  1914. 

1  Buffalo,  New  York. 
'Rochester,  Minnesota. 
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At  autopsy  the  thyroid  was  found  to  be  small  and  markedly  atrophic. 
The  kidneys  showed  a  distinct  chronic  glomerular  nephritis  and  also 
an  acute  tubular  nephritis.  These  findings  were  consistent  with  the 
clinical  diagnosis  of  chronic  nephritis  superimposed  on  thyroid  in- 
sufiiciency.  When  the  latter  element  was  preponderant,  treatment 
with  thyroid  extract  brought  about  an  improvement  in  the  patient's 
condition.  When  the  renal  disability  became  more  marked,  however, 
no  such  improvement  occurred. 

One  of  us  (Boothby)  (4)  has  reported  the  following  case  of 
myxedema  with  low  renal  function  in  which,  after  thyroid  feed- 
ing, there  was  marked  improvement  both  in  the  degree  of 
hypothyroidism  and  in  the  renal  function. 

M.  J.  B,  (Med.  no.  4197),  a  female,  aged  sixty-two  years,  unmarried, 
entered  the  Peter  Bent  Brigham  Hospital  in  February,  1916.  The 
patient  had  marked  edema  of  the  eyelids  and  moderate  edema  of  the 
extremities.  Her  skin  was  dry,  but  not  especially  thickened.  There 
was  almost  complete  loss  of  hair.  The  temperature,  pulse  and  respi- 
ration were  subnormal  and  she  was  exceedingly  drowsy.  The  urine 
was  acid,  specific  gravity  1.015  and  a  very  slight  trace  of  albumin  was 
present.  There  was  no  sugar.  The  sediment  contained  squamous 
and  white  blood  cells,  occasional  red  blood  cells  and  a  few  finely  granu- 
lar casts.  Special  renal  tests  showed  low  kidney  function  (table  1). 
The  metabolism  February  23  was  48  per  cent,  below  normal,  indicating 
marked  thyroid  insufficiency. 

Under  intermittent  small  doses  of  thyroid  (0.07  gram  to  0.78  gram) 
per  day,  the  patient  very  slowly  improved  and  the  metabolism  April  29 
had  increased  to  17  per  cent  below  normal.  She  was  beginning,  how- 
ever, to  show  signs  of  irritabiUty  and  consequently  the  thyroid  was 
discontinued  for  a  time  during  which  the  metabolism  May  24  fell  to 
24  per  cent  below  normal. 

Thyroid  was  again  administered  for  ten  days  during  the  middle  of 
June.  June  27  the  final  metabolism  determination  was  17  per  cent 
below  normal. 

It  was  impossible  to  administer  thyroid  continuously  or  in  sufl&cient 
quantities  to  this  patient  to  bring  her  metabolism  up  to  normal  without 
producing  toxic  symptoms.  Nevertheless,  the  physical  and  mental 
improvement  from  thyroid  treatment  was  most  marked.  The  albumin 
and  casts  practically  disappeared  from  the  urine  and  there  was  a  shght 
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increase  in  the  phthalein  excretion,  from  20  per  cent  to  26  per  cent  in 
two  hours.  The  blood  urea  nitrogen  rose,  however,  from  18  mgm.  to 
21  mgm.  and  McLean's  index  fell  from  26  to  15. 

The  effect  of  thyroid  medication  in  three  cases  of  chronic 
nephritis  was  reported  by  Diaballa  and  von  Illyes  (5)  in  1897. 
Large  doses  of  thyroid  were  administered  until  symptoms  of  in- 
toxication were  produced.  There  was  loss  in  weight,  increase  in 
the  urine  nitrogen  but  without  diuresis.  No  improvement  oc- 
curred in  the  physical  condition  of  the  patients.  Percy  (6), 
1912-13,  and  Phipps  (7)  1916,  however,  have  reported  im- 
provement in  cases  of  chronic  nephritis  after  the  administration  of 
thyroid. 

To  determine  the  effect  of  thyroid  medication  on  the  basa) 
metabolism  and  renal  function  detailed  studies  were  made  by 
us  of  four  cases — one  of  mjrxedema  and  three  of  chronic  nephritis. 
The  renal  function  tests  were  made  by  Dr.  Bowen^  and  the 
metabolism  studies  were  carried  out  by  Dr.  Boothby. 

The  first  was  a  marked  case  of  myxedema. 

A.  A.  H.  (Med.  no.  4976),  a  female,  aged  fifty-five  years,  married, 
was  readmitted  to  the  Peter  Bent  Brigham  Hospital  July,  1916.  At 
her  previous  admission  (August,  1914)  she  presented  the  typical  symp- 
toms of  myxedema.  The  urine  was  negative.  At  that  time  she  im- 
proved,  greatly  under  thyroid  medication.  At  her  second  admission 
she  showed  a  moderate  degree  of  myxedema,  complicated  by  low  renal 
function  (table  2)  and  by  the  presence  of  albumin  and  cellular  elements 
in  the  urine. 

During  this  period  of  observation  the  patient  was  placed  on  a  ne- 
phritic diet  containing  approximately  12  grams  nitrogen  and  4  grams 
sodium  chloride.  The  preparation  of  thyroid  used  was  alpha  iodin,  a 
supply  of  which  had  been  sent  us  by  Dr.  Edward  C.  Kendall  (10)  of  the 
Mayo  CUnic. 

The  total  nitrogen  and  chlorides  eliminated  in  the  urine  were  deter- 
mined daily  and  showed  quite  wide  variations  within  the  space  of  two 
or  three  days,  but  the  average  figures  for  periods  of  five  or  six  days 

1  The  methods  used  by  us  for  studying  renal  function  are  those  in  use  in  the 
Brigham  clinic.  For  details  of  the  methods  see  O'Hare,  J.  P.  (8);  and  McLean, 
F.  C.  (9). 
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are  very  suggestive.  Before  the  administration  of  alpha  iodin  the 
nitrogen  ehmination  in  the  urine  averaged  5.57  grams  and  the  chlorides 
2.90  grams,  thus  showing  slight  retention  of  both  nitrogen  and  chlorides. 
At  the  middle  of  this  preliminary  period  the  blood  urea  nitrogen  was 
in  two  successive  determinations  19  mgm.  in  100  cc.  and  McLean's 
index  was  26  and  24.  The  phthalein  excretion  was  30  per  cent  and  37 
per  cent  in  two  hours.  The  basal  metabolism  was  31  per  cent  below 
normal. 

All  these  factors  showed  a  marked  change  after  six  days  administra- 
tion of  3  mgm.  to  9  mgm.  of  alpha  iodin.  The  metabolism  increased 
to  14  per  cent  above  normal.  The  average  daily  elimination  of  nitro- 
gen rose  to  7.60  grams  and  there  was  at  the  same  time  an  increase  to  25 
mgm.  in  the  blood  urea  nitrogen  and  in  McLean's  index  to  84.  The 
phthalein  excretion  increased  to  57  per  cent  in  two  hours.  On  the 
other  hand,  there  was  a  decrease  to  1.01  grams  in  the  amount  of  chlorides 
eliminated. 

Coincident  with  the  increase  in  the  metabolism  there  was  great  im- 
provement in  the  clinical  condition.  The  speech  became  quicker,  the 
voice  higher  pitched  and  the  mental  attitude  brighter.  The  puffiness 
of  the  face  and  wrists  disappeared  and  there  was  a  distinct  decrease 
in  body  weight.  The  temperature  was  normal  but  the  pulse  was 
slightly  elevated. 

The  dosage  of  alpha  iodin  was  reduced  to  3  mgm.  and  continued  for 
five  days,  resulting  in  a  still  further  increase  in  the  average  nitrogen 
elimination  to  10.0  grams  while  the  chloride  elimination  remained  the 
same.     The  basal  metabolism  was  still  14  per  cent  above  normal. 

As  a  result  of  the  appearance  of  toxic  symptoms  the  alpha  iodin  was 
discontinued  for  eight  days,  resulting  in  a  decrease  in  the  basal  metab- 
olism to  20  per  cent  below  normal.  The  blood  urea  nitrogen  increased 
slightly  to  29  mgm.  while  McLean's  index  fell  to  71 .  The  nitrogen  elimi- 
nation decreased  to  8.49  grams  and  there  was  almost  complete  retention 
of  chlorides.  Alpha  iodin  was  again  administered  in  much  smaller 
doses  (1  mgm.)  and  five  days  later  the  nitrogen  in  the  urine  fell  to  5.87 
grams  and  the  chlorides  rose  to  0.69  gram.  The  blood  urea  nitrogen  fell 
to  21  mgm.,  McLean's  index  to  35  and  the  phthalein  to  30  per  cent  in 
two  hours.  The  continuation  of  thyroid  feeding  for  another  five  days 
caused  an  increase  in  the  basal  metabolism  to  4  per  cent  below  normal. 
There  was  an  increase  in  the  nitrogen  in  the  urine  to  8.04  grams  and 
of  the  chlorides  to  1.56  grams.  Finally,  five  days  later  McLean's  index 
increased  to  50  with  a  rise  in  the  blood  urea  nitrogen  to  25  mgm.,  al- 
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though  the  nitrogen  in  the  urine  fell  to  7.59  grams  while  the  chloride 
eUmination  remained  the  same,  1 .60  grams.  The  phthalein  excretion 
was  35  per  cent  in  two  hours. 

Throughout  there  was  no  fixation  of  the  specific  gravity  of  the  urine. 
It  varied  quite  regularly  inversely  with  the  quantity  of  urine  excreted. 

In  summing  up  the  observations  in  this  case  it  may  be  said 
that  the  urine  nitrogen,  the  renal  activity  as  determined  by 
McLean's  index  and  phthalein  excretion,  and  the  basal  metab- 
olism varied  directly  with  the  alpha  iodin  administered.  When 
the  proper  amount  of  alpha  iodin  was  given  so  that  the  metab- 
olism was  maintained  at  a  normal  level  the  patient  was  in  the 
best  clinical  condition. 

On  discharge  from  the  hospital  the  patient  was  greatly  im- 
proved, she  was  brighter,  questions  were  answered  more  readily 
and  intelligently,  and  the  rate  of  expression  was  quickened. 

The  other  three  patients  studied  were  cases  of  chronic  nephritis 
of  varying  degree  of  severity. 

H.  McP.  (Med.  no.  4776),  a  male,  aged  fifty-eight  years,  was  ad- 
mitted to  the  Peter  Bent  Brigham  Hospital  June,  1916.  The  patient 
had  had  nephritis  for  ten  years  with  edema  of  the  legs  and  abdomen  but 
he  had  never  had  any  acute  symptoms.  Save  for  moderate  dyspnea  on 
exertion,  there  had  been  no  cardiac  symptoms.  There  were  albumin 
and  casts  in  the  urine  and  salt  retention  but  no  impairment  of  nitrogen 
eHmination.  Previous  to  thyroid  treatment  the  patient  was  on  Karell 
diet,  theocin  and  digitalis  but  showed  no  striking  improvement.  He 
was  then  placed  on  a  diet  containing  approximately  15  grams  of  nitro- 
gen and  4  grams  of  sodium  chloride.  The  metabolism  was  19  per  cent 
below  normal  (table  3). 

The  patient  received  0.13  gram  of  thyroid  extract  for  three  days, 
0.39  gram  for  four  days,  and  0.52  gram  for  thirteen  days,  which  re- 
sulted in  a  very  sHght  increase  in  the  basal  metabohsm — ^June  29  it  was 
11  per  cent  below  normal  and  July  10  it  was  10  per  cent  below  nor- 
mal. The  patient,  however,  complained  of  being  "nervous"  and  there 
was  an  increase  in  the  pulse  rate;  he  did  not  feel  as  well.  The  blood 
urea  nitrogen  and  McLean's  index  remained  constant  and  the  nitrogen 
salt  and  fluid  balances  remained  essentially  the  same.  The  phthalein 
excretion  rose  from  29  to  43  per  cent  in  two  hours.  The  specific  gravity 
of  the  urine  throughout  the  period  of  observation  was  fixed  at  1.023. 
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No  demonstrable  improvetnent  occurred  in  this  case  from  the  ad- 
ministration of  thyroid  extract;  on  the  other  hand,  no  obvious  ill-effects 
were  produced  as  occurred  in  the  following  case. 

J.  E.  McD.  (Med.  no.  4855),  a  male,  aged  forty-two  years,  was  read- 
mitted to  the  Peter  Bent  Brigham  Hospital  June,  1916.  This  patient 
had  been  under  observation  in  the  hospital  several  times  during  the 
past  three  years.  The  renal  lesion  has  apparently  been  progressively 
increasing  as  the  functional  tests  at  the  present  time  are  lower  than 
when  he  was  in  the  hospital  two  years  ago.  He  complained  chiefly  of 
headache  and  vomiting  and  also  of  dyspnea  which  was  marked  on  exer- 
tion. There  was  no  edema.  The  urine  contained  a  shght  trace  of 
albumin,  much  granular  detritus  and  rare  hyaline  casts  but  no  red 
blood  cells. 

Before  the  institution  of  thyroid  feeding  the  patient  was  placed  on  a 
carbohydrate  diet  containing  approximately  4  grams  of  nitrogen  and  3 
grams  of  sodium  chloride,  and  he  was  given  sweats  daily.  At  this  time 
the  basal  metabolism  was  2  per  cent  below  normal  (table  4).  A  mod- 
erate degree  of  acidosis  was  present  as  the  tension  of  CO2  in  the  blood 
was  only  29  mm.  There  was  distinct  renal  insufficiency — the  blood 
urea  nitrogen  was  79  mgm.,  McLean's  index  was  3  and  the  phthalein 
was  a  trace  in  two  hours.  The  nitrogen  eUmination  in  the  urine  was 
low — 2.67  grams  but  the  positive  nitrogen  balance  was  small  on  account 
of  the  low  protein  diet.     There  was  marked  chloride  retention. 

Thyroid  feeding  was  begun  July  6  and  a  few  days  later  there  was  a 
slight  decrease  in  the  blood  urea  nitrogen  to  69  mgm.  There  was  at  the 
same  time  a  still  further  lowering  of  McLean's  index  to  0.5  and  the 
phthalein  remained  a  trace  in  two  hours. 

Six  days  of  thyroid  feeding  caused  an  increase  in  the  elimination  of 
the  chlorides  to  1,21  grams  and  of  the  nitrogen  to  3.19  grams.  At  the 
end  of  twelve  days  of  thyroid  medication  there  was  a  still  further  in- 
crease in  the  ehmination  of  the  chlorides  to  1.70  grams  and  the  nitrogen 
to  4.38  grams.  The  blood  urea  nitrogen,  however,  rose  to  86  and 
McLean's  index  fell  to  0.1  while  the  phthalein  still  remained  a  trace 
in  two  hours. 

There  was  still  further  increase  in  the  elimination  of  both  chlorides 
and  nitrogen  at  the  end  of  eighteen  days  of  thyroid  feeding.  But  in 
spite  of  the  negative  nitrogen  balance  the  blood  urea  nitrogen  rose  to 
112  mgm.  with  some  improvement  in  McLean's  index  to  1.0,  This 
marked  increase  in  the  concentration  of  urea  in  the  blood  was  brought 
about  by  increased  cellular  activity  as  shown  by  the  basal  metabolism 
which  was  35  per  cent  above  normal. 
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At  this  time  the  CO2  tension  in  the  blood  was  only  18  mm.  indicating 
a  marked  degree  of  acidosis  due  to  the  increase  in  the  non-volatile  acid 
substances  in  the  blood.  Eighty  grams  of  sodium  bicarbonate  were 
administered  and  with  the  neutralization  of  these  excess  non-volatile 
acids  the  CO2  tension  in  the  blood  was  raised  to  45  mm.  but  without 
producing  any  chnicial  improvement  in  the  condition  of  the  patient. 
In  fact,  the  patient  seemed  to  be  on  the  verge  of  uremia  from  imperfect 
eUmination  of  excess  waste  products.  He  was  irritable  and  unreason- 
able and  complained  of  weakness.  There  were  signs  of  thyroid  toxemia, 
an  increased  pulse  (from  54  to  79)  and  tremor  of  the  hands. 

Consequently  thyroid  feeding  was  discontinued  July  24.  Five  days 
later  the  basal  metabolism  was  27  per  cent  above  normal.  The  blood 
urea  nitrogen  was  89  mgm.  and  McLean's  index  was  0.8,  but  there  was 
an  increase  in  the  elimination  of  chlorides  to  2.82  grams  and  of  nitrogen 
to  7.46  grams.  Six  days  later  there  was  a  marked  decrease  in  chloride 
elimination  to  0.70  grams  together  with  a  decrease  in  the  nitrogen  eUmi- 
nation to  4.59  grams.  The  blood  urea  nitrogen  was  70  mgm.  and 
McLean's  index  1.0.  The  patient  also  showed  great  improvement 
both  mentally  and  physically. 

Seventeen  days  after  thyroid  feeding  had  been  discontmued,  both 
chloride  and  nitrogen  eUmination  were  lower  than  they  had  been  just 
before  thyroid  medication  was  started.  The  tension  of  CO2  in  the 
blood  was  slightly  low — 34  mm.  The  basal  metabolism  was  9  per  cent 
below  normal,  showing  that  the  effect  of  thyroid  feeding  had  entirely 
disappeared,  and  that  there  was  possibly  a  compensatory  stage  of 
slightly  lowered  metabolism  due  to  exhaustion  of  the  cells  from  recent 
overactivity  Finally  August  22,  the  blood  urea  nitrogen  had  fallen 
to  48  mgm.,  McLean's  index  was  2  and  the  phthalein  output  5  per 
cent  in  two  hours.  The  patient  was  very  much  brighter  and  his  general 
condition  was  somewhat  better  than  at  the  time  of  entrance  into  the 
hospital.  Throughout  the  period  of  observation  the  specific  gravity 
of  the  urine  was  fixed,  only  varying  between  1.009  and  1.012. 

The  clinical  effect  of  thyroid  feeding  in  this  patient  showed  that  it 
was  probably  a  dangerous  procedure  and  one  that  was  apt  to  hasten  the 
onset  of  a  threatened  uremia.  Likewise,  there  was  no  subsequent 
demonstrable  benefit  from  the  use  of  thyroid  that  would  justify  its 
use  as  a  therapeutic  procedure.  In  .the  following  case  it  actually 
appeared  to  hasten  the  development  of  uremia. 

F.  A.  C  (Med.  no.  4972),  a  male,  aged  twenty-four  years  was  ad- 
mitted to  the  Peter  Bent  Brigham  Hospital  July,  1916.     This  was  a 
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case  of  severe  nephritis  terminating  quickly  in  uremia  and  death. 
Previous  to  the  patient's  admission  the  symptoms  had  been  very 
slight;  he  complained  only  of  morning  dizziness  and  slight  dyspnea. 

He  was  placed  on  a  diet  containing  approximately  4  grams  of  nitro- 
gen and  3  grams  of  sodium  chloride.  His  basal  metabolism  was  5  per 
cent  below  normal  but  the  renal  function  was  low.  The  blood  urea 
nitrogen  was  148  mgm.  and  McLean's  index  1.0.  The  phthalein  excre- 
tion was  a  trace  in  two  hours. 

Kendall's  alpha  iodin  was  used:  3  mgm.  were  given  for  three  days 
and  4  mgm.  for  one  day  (table  4).  The  basal  metabolism  was  1  per 
cent  below  normal.  The  patient  became  very  weak,  vomited  frequent- 
ly, was  unable  to  eat,  and  in  consequence  the  thyroid  was  discontinued 
July  23,  five  days  after  it  had  been  started. 

Thyroid  medication  did  not  appear  to  influence  the  nitrogen  elimina- 
tion; there  was  always  a  negative  balance.  The  chlorides  showed  a 
positive  balance  when  the  thyroid  was  begun  and  continued  to  do  so 
after  it  was  discontinued. 

Three  days  after  thyroid  was  stopped  the  blood  urea  was  216  mgm. 
and  at  the  same  time  acidosis  was  very  marked — ^the  CO2  tension  in  the 
blood  had  fallen  from  21  mm.  to  15  mm.  After  the  administration  of 
120  grams  of  sodium  bicarbonate  the  CO2  tension  in  the  blood  was  in- 
creased to  47  mm.  There  was,  however,  no  improvement  in  the  pa- 
tient; he  was  rapidly  getting  worse.  Eight  days  after  thyroid  feeding 
was  stopped  the  blood  urea  nitrogen  was  214  mgm.  and  McLean's 
index  was  0.6.  There  was  no  phthalein  excretion  at  the  end  of  two 
hours.  August  1  acute  parotitis  with  fever  and  leukocytosis  developed. 
The  blood  urea  increased  to  223  mgm.  in  100  cc.  and  the  blood  CO2 
was  still  high — 41  mm.     Death  occurred  August  12. 

In  this  case  the  nephritis  was  severe  and  it  progressed  rapidly. 
Certainly  thyroid  feeding  had  no  beneficial  effect — possibly  it  may 
even  have  hastened  uremic  coma. 

■  SUMMARY 

The  effects  of  thyroid  treatment,  as  measured  by  chnical, 
renal  function  and  metabolic  studies,  are  here  reported  in  two 
cases  of  myxedema,  complicated  by  symptoms  of  chronic  neph- 
ritis, and  in  three  cases  of  chronic  nephritis  in  which  there  was  no 
evidence  of  thyroid  insufficiency. 
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In  the  first  group  thyroid  medication  produced  a  marked  im- 
provement in  the  cUnical  and  metabolic  conditions  together  with 
some  improvement  in  the  renal  function. 

In  the  nephritic  cases,  however,  no  improvement  occurred  from 
its  use,  and  indeed  in  two  cases  decidedly  injurious  effects  were 
produced. 

Thyroid  medication,  although  it  has  been  recommended  as  a 
means  of  satisfactorilj^  treating  cases  of  nephritis,  is  not  indi- 
cated unless  there  is  an  associated  condition  of  myxedema.  The 
degree  of  thyroid  insuflBciency  and  the  effect  of  treatment  thereon 
can  best  be  gauged  by  the  determination  of  the  basal  metabolism. 

The  authors  wish  to  thank  most  heartily  A'liss  Russell,  Miss 
Gate,  and  Miss  Sandiford  who  as  laboratory  assistants  have 
greatly  helped  in  carrying  out  the  various  estimations  of  renal 
fimction  and  of  basal  metabolism. 
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A  COMPARATIVE  STUDY  OF  THE  RATE  OF  EXCRE- 
TION OF  THE  NITROGENOUS  WASTE  PRODUCTS 
TO  THEIR  BLOOD  CONCENTRATION  IN  EXPERI- 
MENTAL URANIUM  NEPHRITIS 

C.  K.  WATANABE 

From  the  Laboratory  of  Pathological  Chemistry  of  the  New  York  Post-Graduate 

Medical  School 

It  is  a  well-known  fact  that  consequent  to  a  pathological  lesion 
lowering  the  p>ermeabLlity  of  the  kidiley,  there  is  an  accumula- 
tion in  the  blood  of  the  end  products  of  protein  metaboHsm. 
Furthermore,  as  the  severity  of  the  pathological  process  ad- 
vances, the  retention  takes  place  in  the  following  order:  (1)  uric 
acid,  (2)  urea  and  (3)  creatinine  (1). 

In  the  work  presented  in  this  article,  we  have  approached  the 
problem  of  the  order  of  nitrogenous  retention  from  a  new  angle. 
From  a  comparative  study  of  the  rate  of  excretion  to  the  con- 
centration in  the  blood  for  these  three  nitrogenous  end  products 
individually  considered  (2),  we  have  been  led  to  the  conclusion 
that  uric  acid  normally  is  eliminated  much  less  readily  than 
either  urea  or  creatinine,  and  that  creatinine  app>ears  to  be  ex- 
creted shghtly  more  easily  than  urea.  WTien,  therefore,  the 
permeabiUty  of  the  kidney  is  lowered,  the  excretion  of  uric  acid 
is  the  first  to  suffer.  In  the  advanced  stages  of  nephritis,  how- 
ever, the  ratio  of  the  concentration  of  urea  in  the  blood  to  urea 
of  the  urine,  may  be  higher  than  that  for  uric  acid.  Creatinine 
appears  to  be  the  last  to  show  e\'idences  of  retention.  That 
such  is  actually  the  course  of  events  following  failure  of  renal 
function  is  shown  by  the  results  of  experimental  nephritis. 

The  study  of  uric  acid  metaboUsm  has  been  rendered  very 
difficult  by  the  fact  that  no  animals  were  available  for  experi- 
mental purposes  in  which  the  end  product  of  purine  metabohsm 
was  uric  acid.     Moreover  in  animals  the  characteristic  features 
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of  purine  metabolism  of  man  are  not  duplicated.  Benedict 
however  has  established  the  fact  that  the  Dalmatian  dog,  more 
nearly  approaches  man  in  this  respect.  For  this  investigation  we 
used  two  dogs  of  the  Dalmatian  breed,  which  is  characterized 
by  black  spots  and  also  by  its  black  ears,  which  hang  down. 
Benedict  (3)  reports  the  interesting  observation  that  in  twenty- 
four  hours  upon  a  purine-free  diet  the  pure  breed  of  Dalmatian 
excretes  almost  as  much  uric  acid  as  an  average  adult  under 
similar  conditions. 

The  dogs  were  kept  in  clean,  dry  metabolism  cages  from  which 
the  urine  was  collected  from  9  a.m.  to  9  a.m.  Toluene  was 
used  as  a  preservative.  The  blood  was  drawn  from  the  ex- 
ternal saphenous  vein,  as  a  rule,  after  midday.  Throughout  the 
experiments  the  dogs  were  fed  a  purine-free  diet.  Dog  1  took 
bread,  milk  and  water  and  dog  2  took  only  milk  and  water. 

For  the  determination  of  uric  acid  we  adopted  the  Folin, 
Denis,  Benedict  method  described  by  Myers  and  Fine  (1)  using 
the  water-bath  entirely  for  the  evaporation.  For  the  urine,  how- 
ever, we  have  followed  the  technique  given  by  Benedict  and 
Hitchcock  (4).  In  estimating  the  urea  of  both  blood  and 
urine  the  Van  Slyke  and  CuUen  (5)  modification  of  Marshall's 
procedure  was  employed.  FoUn's  (6)  method  was  used  for  creati- 
nine of  both  blood  and  urine.  The  Myers  and  Bailey  (7)  modi- 
fication of  the  Lewis-Benedict  method  was  adopted  for  the  blood 
sugar  and  the  method  of  Benedict  (8)  for  the  urine. 

The  two  dogs  on  which  our  observations  were  made  eliminated 
much  less  uric  acid  than  would  be  expected  of  a  human  being. 
It  would  seem  therefore  that  our'  dogs  were  not  typical  of  the 
pure  Dalmatian  breed.  It  was  noted  that  in  dog  1,  the  uric  acid 
in  the  blood  gradually  diminished  after  several  injections  of  uran- 
ium nitrate.  Twenty-five  miUigrams  of  uric  acid  in  piperazine 
(diethylenediamine)  solution  was  injected  intravenously.  Pre- 
vious to  the  injection  and  one-half  hour  later,  blood  was  drawn 
and  it  was  found  that  the  two  samples  of  blood  did  not  differ 
in  their  uric  acid  content.  At  the  same  time  there  was  no  prac- 
tical change  in  the  blood  urea  or  creatinine.  From  this  ob- 
servation we  are  inclined  to  beheve  that  the  disappearance  of 
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the  injected  uric  acid  was  due  to  some  change  of  uric  acid 
metabolism.  In  the  case  of  dog  2,  the  same  phenomena  were 
observed  following  the  injection  of  uranium  nitrate. 

By  a  comparison  in  the  tables  for  both  dogs  of  the  ratios  ob- 
tained by  dividing  the  milligrams  excreted  in  twenty-four  hours 
by  the  milligrams  in  1  Htre  of  blood,  it  is  evident  that  after  in- 
jection the  ratio  for  creatinine  is  smaller  than  the  ratio  for  urea. 
This  can  be  interpreted  as  establishing  the  fact  that  in  acute 
experimental  uranium  nephritis  the  creatinine  excretion  is 
diminished. 

However,  after  continuing  the  injections  of  uranium,  the  re- 
tention of  urea  becomes  verj'-  marked,  but  the  creatinine  still 
remains  low.  In  case  of  dog  1,  the  urea  in  100  cc.  of  blood 
reached  388.5  mgm.  but  the  creatinine  still  remained  at  4.6. 
The  ratio  between  urine  and  blood  for  urea  and  creatinine  was 
5  and  9  respectively.  It  seems  therefore  that  creatinine  is  the 
last  to  suffer  in  kidney  insufficiency. 

In  dog  2,  it  was  noted  that  the  urea  of  the  last  specimen  of 
blood  reached  277.5  mgm.  and  the  creatinine  4.2.  In  human 
cases  of  acute  nephritis  of  some  types  it  is  slighly  more  difficult 
for  the  kidney  to  eliminate  creatinine  than  urea,  also  in  mild 
chronic  nephritis  associated  \\dth  syphilis  and  cardiac  failure  (2). 
In  dog  2  the  ratio  between  the  urine  and  blood  for  urea  and 
creatinine  was  10  and  9  respectively.  In  this  case  the  dog  ap- 
parently died  in  uremia,  though  at  the  same  time  he  was  afflicted 
with  pneumonia  of  the  right  lung.  This  possibly  explains  why 
the  blood  figure  did  not  rise  as  high  as  in  dog  1.  None  the  less 
we  may  infer  from  the  ratio  that  creatinine  is  excreted  more 
readily  than  urea  in  severe  nephritis  or  uremic  conditions. 

Mosenthal  (9)  has  observed  that  with  large  doses  of  uranium 
the  eUmination  of  nitrogen  is  diminished;  but  wdth  smaU  doses, 
the  nitrogen  excretion  may  not  only  remain  normal  but  may 
even  be  increased  and  he  beheves  that  this  may  be  due  to  an  in- 
creased protein  destruction  within  the  body.  We  have  foimd 
this  to  be  the  case,  particularly  in  dog  2.  In  this  animal  the 
long  continued  injection  of  uranium  resulted  in  an  increased  urea 
excretion.  The  increased  blood  urea  under  these  circumstances 
would  indicate  a  destruction  of  protein. 
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The  retention  of  urea  and  creatinine  appeared  gradually  in 
dog  1,  after  the  injection  of  uranium  nitrate,  the  retention  of 
creatinine,  however,  being  less  than  that  of  urea.  The  experi- 
ments of  table  1  were  discontinued  from  August  5  to  August  14. 
But  this  lapse  of  time  was  not  sufficient  for  the  nephritis  to 
clear  up.  Three  days  later,  the  urea  in  the  blood  suddenly 
came  down,  and  the  albuminuria  ceased.  Injections  were 
resumed  on  August  25.  In  this  series  of  experiments  likewise, 
it  was  noted  that  the  urea  retention  was  more  marked  than 
creatinine.  In  these  experiments  the  observations  previously 
made  on  dog  2,  were  confirmed. 

TABLE  2 

Relationship  between   the  rate  oj  excretion  and   the  concentration  of  the  blood. 

Milligram  excreted  per  twenty-four  hour  divided  by  milligram  per  1000  cc.  blood. 


DOG    1 

DOG   2 

Date 

Urea 

Creati- 
nine 

Date 

Urea 

Creati- 
nine 

1916 

August  15 

167 
94 
221 
219 
192 
146 
5 

86 
102 
114 
172 
174 
107 
9 

1916 
December  27 

114 

125 

116 

61 

10 

80 

August  17 

August  22 

1917 
January    1 

132 

August  28 

January    6 

49 

August  31 

January  13 

February  2 

26 

September    6 

September  20 

9 

Dr.  J.  Oliver  at  the  Rockefeller  Institute  has  kindly  examined 
the  kidney  sections.  He  has  reported  that  the  kidney  of  dog  2 
shows  healthy  epithelium  in  the  proximal  convoluted  tubules. 
The  pathological  report  harmonizes  with  the  chemical  findings. 
In  dog  2,  the  excretion  of  urea  was  greater  than  in  dog  1.  It 
wiU  be  recalled  that  the  greater  part  of  the  urea  is  secreted 
through  the  proximal  convoluted  tubular  epithelium  (10),  and 
that  the  regenerated  epithelium  as  seen  in  dog  1  has  not  the 
power  of  secreting  urea  (11). 

Pathological  reports 

Dog  1.  The  process  is  much  more  severe  in  this  kidney  than  in 
dog  2.     The  cortex  contains  practically  no  normal  proximal  convoluted 
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tubules,  but  is  filled  with  cystic  spaces  lined  with  irregular  regen- 
erated epithelium,  formed  by  the  dilatation  of  these  structures.  The 
same  marked  dilatation  of  the  tubule  is  seen  in  the  outer  zone  of  the 
medulla  and  there  is  also  the  usual  proliferation  of  the  connective  tissue. 
jMany  casts  in  the  collecting  tubules  and  numerous  red  blood  cells 
are  present  in  the  dilated  tubules  in  the  cortex,  though  no  very  definite 
hemorrhages  are  seen  in  the  glomeruH.     The  Hver  is  normal. 

Dog  2.  The  sections  of  kidney  show  a  severe  chronic  nephritis  of 
the  typical  uranium  type.  The  glomeruh  show  m  some  cases  a  mod- 
erate fibrous  thickening  of  connective  tissue  around  the  capsule.  The 
upper  part  of  the  proximal  convoluted  tubule  is,  however,  still  fairly 
well  preserved,  in  many  places  entirely  normal,  in  others  dilated.  The 
lower  portions  of  the  proximal  convoluted  tubule,  lying  in  the  lower 
layer  of  the  cortex  and  in  the  outer  stripe  of  the  outer  zone  of  the 
medulla,  are  severely  affected.  The  normal  epithehum  is  replaced  by 
an  irregular  epithehum.  Many  tubules  are  collapsed  by  the  prolifer- 
ating connective  tissue,  others  show  a  marked  dilatation.  There  are  a 
few  necrotic  cells,  but  very  Httle  evidence  of  recent  acute  damage. 
There  are  many  casts,  mostly  hyaline,  in  the  collecting  tubules.  The 
hver  is  normal.  A  section  of  lung  shows  the  alveolar  spaces  filled  with 
exudate  and  polymorphonuclear  leucocytes. 

• 

SUMMARY 

A  comparative  study  of  the  ratio  of  the  rate  of  excretion  to 
concentration  in  the  blood  for  the  nitrogenous  waste  products, 
shows  that  in  experimental  uranium  nephritis  creatinine  is 
eliminated  with  slightly  greater  difficulty  than  urea  in  mild  cases 
of  nephritis;  whereas  in  the  severer  tj^pes,  the  urea  retention  is 
more  marked  than  that  of  creatinine.  After  several  injections  of 
uranium  nitrate,  the  uric  acid  metabolism  appears  to  be  altered. 

The  author  is  indebted  to  Prof.  V.  C.  Myers  and  Asst.  Prof. 
M.  S.  Fine,  for  the  opportunity  to  study  this  problem. 
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A  NEW  UNIVERSAL  URETHROSCOPE 

WITH  NEW  DIAGNOSTIC  AND  THERAPEUTIC  FIELDS  OF 
APPLICATION 

LEO  BUERGER 
New  York 

Although  a  large  number  of  urethroscopes  have  been  devised, 
for  each  of  which  claims  of  superiority  over  aU  others  are  put 
forth  by  their  various  inventors,  it  has  seemed  to  me,  in  the 
course  of  studies  on  diseases  of  the  urethra,  that  one  fruitful 
field  for  the  exercise  of  therapeutic  endeavors  through  a  mod- 
em urethroscope  had  been  overlooked,  namely,  the  treatment 
of  filiform  strictm-es  of  the  urethra.  It  was  for  the  purpose  of 
visualizing  the  orifice  of  filiform  strictures  and  for  the  introduc- 
tion of  filiform  bougies  under  the  control  of  the  eye,  that  a  new 
and  useful  urethroscope  was  devised.  This  was  finally  de- 
veloped into  a  sort  of  universal  cysto-urethroscope,  an  instru- 
ment with  a  wide  field  of  utiUty.  Recent  experience  has  sug- 
gested, that,  if  the  same  instrument  were  modified,  it  would 
incorporate  the  functions  of  more  than  one  type  of  urethro- 
vesical  endoscope,  serving  with  sUght  interchange  and  re-assem- 
blage of  parts,  either  as, 

(1)  A  straight  endoscope  for  the  anterior  urethra. 

(2)  An  aero-  or  air  inflation  urethroscope. 

(3)  An  operating  and  catheterizing  non-prismatic  direct 
cystoscope. 

(4)  An  irrigating  or  water  dilating  non-prismatic  telescopic 
urethroscope. 

(5)  A  special  operating  telescopic  urethroscope. 

(6)  An  Elsner-Braasch  cystoscope. 

(7)  A  Kelly  or  Luys  endoscope  and  cystoscope. 

In  short,  it  embodies  in  its  construction  features  of  the  simple 
endoscope,  the  Goldschmidt,  Brown  and  Geiringer  instruments, 
modified  in  such  a  way,  as  to  give  it  a  wide  sphere  of  utility. 
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Description  of  the  instrument.  The  urethroscope  consists  of  a 
straight  endoscopic  tube  (fig.  1),  two  obturators,  a  hght  carrier 
(fig.  2),  a  telescope  (fig.  3),  and  a  magnifying  window  (fig.  4  a). 

The  straight  tube  is  longer  than  that  of  the  ordinary  urethro- 
scope (7j  inches)  so  as  to  be  available  for  work  in  the  bladder 
as  well  as  in  the  urethra.  Near  the  ocular  end  (fig.  5a),  a  large 
catheter  outlet,  of  the  type  used  in  the  author's  operating  cysto- 
scope,  is  fused  into  the  tube.  Through  this,  special  operating 
devices,  such  as  rongeur  forceps,  fulguration  electrode,  filiform 
and  larger  bougies,  catheters,  and  apphcators  may  be  passed. 
And,  since  the  direction  of  this  outlet,  and,  therefore,  the  exit 
of  entering  devices  is  downward,  the  operator  can  manipulate 
more  satisfactorily  through  it  than  through  a  straight  endo- 
scopic tube,  vision  being  undisturbed  by  an  intervening  hand  or 
instrument. 

The  endoscopic  tube  is  reinforced  at  the  ocular  end  by  a  flange, 
and  admits  the  light  carrier  (fig.  2)  with  a  water  tight  joint. 

Two  faucets  also  fit  into  the  cuff.  These  give  entry  and  exit 
to  fluid  for  the  distention  of  the  urethra,  making  for  an  improve- 
ment in  the  clarity  of  the  visual  field,  and  for  better  manipula- 
tion of  the  instrument. 

Two  sizes  of  endoscopic  tubes  are  provided,  no.  24  and  25 
French,  these  having  been  found  most  useful,  it  being  optional 
with  the  surgeon  as  to  which  instrument  he  will  select  for  routine 
work. 

The  obturators  are  designed  either  for  work  in  the  anterior 
urethra  or  in  the  posterior  urethra  and  bladder.  An  obturator 
with  a  short  blunt  conical  extremity  serves  for  work  in  the  an- 
terior urethra.  The  short  obturator  must  be  chosen  for  the 
cases  in  which  we  desire  to  treat  filiform  strictures  of  the  urethra, 
lesions  in  the  anterior  urethra,  or  where  we  wish  to  remove 
foreign  bodies  from  the  anterior  or  bulbo-membranous  urethra. 
The  curved,  beaked  obturator  is  to  be  selected  whenever  the 
instrument  is  to  be  inserted  into  the  bladder. 

The  light  carrier  (fig.  2)  differs  materially  in  its  construction 
from  any  other  previously  designed,  in  that  it  is  composed  of  a 
sector  of  a  thin  tube  that  fits  tightly  against  the  inner  wall  of 
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the  endoscopic  sheath,  and  bears  the  irrigating  tubule.  It  is 
equipped  with  a  deUcate  lamp,  which  extends  beyond  the  car- 
rier, being  of  such  length  that  its  rays  can  emerge  and  illuminate 
the  usual  endoscopic  field.  This  type  of  hght  carrier  possesses 
advantages  over  the  usual  forms,  particularly  in  that  its  rigidity 
tends  to  maintain  it  in  close  apposition  with  the  sheath. 

At  the  proximal  end  of  the  hght  carrier  is  the  cuff  (fig.  2a) 
for  the  attachment  of  the  electric  contact  (fig.  26)  and  its  joint 
for  the  introduction  of  either  the  telescope  (fig.  3)  or  the  magni- 
fjang  window  (fig.  4  a). 

Occupjing  one  of  the  furrows  at  the  side  of  the  lamp  tube,  is 
a  fine  tube,  or  tubule  (fig.  2d)  that  has  its  inlet  at  the  faucet 
(fig.  2e)  and  allows  the  irrigating  fluid  to  escape  at  the  objective 
end  of  the  apparatus.  Only  in  this  way,  is  it  possible  to  obtain 
adequate  cleansing  of  the  urethral  field  when  the  instrument 
hes  beyond  the  internal  sphincter.  WTien  the  urethroscope 
enters  the  bladder,  irrigation  may  be  effected  without  recourse 
to  this  irrigating  tubule.  The  normal  flow  of  fluid  with  the 
instrument  in  the  urethra  then,  is  a  ciurent  that  begins  at  the 
far,  or  objective,  end  of  the  instrument  and  flows  back  and  out 
through  the  second  faucet  at  the  ocular  or  proximal  end. 

The  telescope.  This  is  of  the  direct,  non-prismatic,  forward 
vision  tj-pe,  and  its  lens  system  so  designed  that  a  sufficiently 
wide  \dsual  angle  offers  a  \iew  of  operating  instruments  soon 
after  they  emerge  from  the  sheath.  It  is  held  in  a  truncated 
conical  fitting  that  locks  into  the  cuff  receptacle  of  the  Ught 
carrier  tube.  However,  it  is  not  rigidly  held  except  when  the 
washer  screw  is  tightly  secured  (fig.  3c),  a  forward  and  backward 
movement  being  permitted  when  the  screw  is  loosened.  This 
retrograde  movement  of  the  telescope  is  provided  for  the  con- 
tingency V.  hich  arises  when  operative  devices  are  thrust  through 
the  sheath  and  a  better  \'iew  of  their  working  end  is  desired.  It 
will  be  found  that  a  considerable  portion  of  an  operative  instru- 
ment must  needs  be  exposed  beyond  the  sheath  for  a  good  xiew. 
If  we  pull  back  the  telescope,  however,  we  may  work  the  jaws 
of  the  operating  de\'ice  at  a  short  distance  from  the  tube,  sacrific- 
ing merely  a  small  portion  of  the  field  thereby,  but  in  no  way 
impairing  the  utiUtj'  of  the  \dsual  instrument. 
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The  7nagnifying  window.  In  order  to  convert  the  telescopic 
instrument  into  an  air  inflating  instrument,  or  an  Elsner-Braasch 
cystoscope  (fig.  4),  or  into  an  ordinary  straight  tube  urethro- 
scope, a  magnifying  window  is  provided,  which  serves,  not  only 
to  close  the  tube  for  air  inflation  or  water  distension,  but  also 
magnifies  the  direct  picture  slightly,  and  obviates  the  necessity 
for  accommodation  of  the  eye  at  so  close  a  distance.  Thus,  if 
we  withdraw  the  telescope  and  attach  the  magnifying  window, 
we  may  see  the  ureters  according  to  the  Eisner  method,  and 
examine  the  urethra  by  the  same  method,  or,  we  may  mop  out 
the  sheath,  aspirate  the  contents  of  the  urethra  through  the 
tubule  Fig.  2  d  and  inspect  or  treat  according  to  either  the  air 
inflation  or  simple  open  air  method. 

In  short,  the  instrument  is  universal  in  that  it  combines  the 
uses  of  the  following : 

(1)  An  open  air  anterior  lu'ethroscope  and  posterior  urethro- 
scope. 

(2)  An  air  inflation  anterior  and  posterior  urethroscope. 

(3)  A  direct  telescopic  cystoscope  (to  replace  the  Brown). 

(4)  A  direct  telescopic  operating  cystoscope. 

(5)  An  operating,  irrigating  anterior  and  posterior  non-pris- 
matic telescopic  urethroscope. 

(6)  An  Elsner-Braasch  urethroscope  and  cystoscope. 

(7)  A  Kelly  or  Luy's  endoscope  and  cystoscope. 

Technic  with  the  irrigating  instrument.  This  universal  cysto- 
urethroscope  is  chiefly  recommended  as  an  irrigating  telescopic 
instrument  for  the  neck  of  the  bladder,  posterior  and  anterior 
urethra.     The  technic  of  its  use  is  as  follows. 

The  sheath  fitted  with  the  curved  obturator  is  introduced  into 
the  bladder  (fig.  1),  the  obturator  removed,  and  the  bladder 
irrigated  if  necessary.  The  light  carrier  (fig.  2)  and  telescope 
(fig.  3)  €"&  now  locked  in  place  (fig.  5  and  the  irrigating  fluid 
allowed  to  flow  through  one  of  the  faucets  a  rubber  tip  or  cap 
having  been  adjusted  at  (fig.  5<x)  the  catheter  outlet.  The 
trigone,  ureters,  bas-fond,  and  the  posterior  wall  of  the  bladder 
may  be  adequately  illuminated  and  brought  into  view,  and  we 
may  then  proceed  with  the  examination  of  the  neck  of  the  blad- 
der and  urethra. 
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Fig.  1.  The  Sheath  or  Endoscopic  Tube  with  Beaked  or  Curved 
Obturator  in  Situ 


Fig.  2.  The  Light-Carrier 


a,  Cuff,  carrying  two  faucets;  b,  electric  coupling;  c,  locking  fork;  d,  irri- 
gating tubule;  e,  faucet  for  inflow. 


a  —  c 
Fig.  3.  Telescope 
a,  Conical  fitting;  b,  locking  screw  fitting  into  figure  2  c,  c,  washer  screw. 


Fig.  4.  Sheath  or  Endoscopic  Tube  with  Light-Carrier 

a,  -Magnifying  window,  making  assemblage  for  air  inflation,  ordinary  single 
endoscopy  or  Elsner-Braasch  cystoscopy. 
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Fig.    5.  Complete   Assemblage:     Sheath,    Light   Carkier    and  Telescope 
a,  Large  catheter  outlet  to  which  suitable  rubber  cap  or  tip  must  be  attached. 


Fig.  6.  Author's  Special  Fulgurating  Electrode 


>M 


Fig.  7.  Universal  Urethroscope  with  Grasping  Forceps  Inserted 


Fig.  8.  Complete  Assemblage  with  Philips  Filiform  Bougie  in  Place 
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For  those  who  employ  the  direct  cystoscopic  method  by  pref- 
erence, both  ureters  may  be  catheterized  according  to  the  well- 
known  principles  of  manipulating  non-prismatic  cystoscopes. 

When  the  neck  of  the  bladder  and  m'ethra  are  to  be  examined 
with  the  water  flowing,  the  instrimient  is  slowly  withdrawn 
a  periscopic  view  of  the  urethra  being  obtained,  the  supra-mon- 
tane, membranous  montane,  bulbous  and  anterior  urethra  suc- 
cessively appearing.  As  soon  as  the  membranous  urethra  is 
brought  into  \dew,  it  is  well  to  grasp  the  penis  with  the  left 
hand,  whilst  the  right  hand  manipulates  the  cysto-urethro- 
scope,  in  order  to  prevent  reflux  of  the  irrigating  fluid,  the 
amount  of  dilation  of  the  urethra  being  controlled  both  by  the 
height  of  the  irrigator,  and  the  patency  of  the  irrigating  faucet. 

As  a  catheterizing  q/stoscope.  Although  the  universal  urethro- 
scope is  not  primarily  intended  for  ureteral  catheterization,  it 
may  be  occasionally  used  for  this  purpose,  and  two  no.  6  French 
catheters  may  be  introduced  during  the  course  of  other  work 
with  this  instrument,  should  the  necessity  of  obtaining  speci- 
mens from  the  ureters  arise.  The  technic  is  the  same  as  that 
with  the  direct  non-prismatic  type  of  cystoscope  (Brown),  and 
the  instrument  may,  therefore,  appeal  to  those  who  are  in  the 
habit  of  employing  the  direct  method  of  catheterization.  After 
specimens  have  been  obtained,  the  catheters  may  be  withdrawn, 
a  closed  rubber  tip  attached  to  the  catheter  outlet,  and  the  in- 
strument may  then  be  used  as  a  urethroscope. 

For  those  who  are  in  the  habit  of  employing  the  Kelly  or 
Luys  methods,  this  instrument  may  be  converted  into  a  Kelly 
or  Luys  endoscope;  or,  into  an  irrigating  cystoscope  of  the 
direct  non-prismatic  type.  By  remo\'ing  the  telescope  and 
inserting  the  magnifying  window  (fig.  4  a),  the  universal  urethro- 
scope may  at  once  serve  as  an  Elsner-Braasch  cystoscope,  pos- 
sessing distinct  advantages  over  the  latter  in  that  it  will  permit 
of  the  introduction  of  one  large  catheter,  and  of  operating  devices. 

As  an  operating  cystoscope.  Although  the  instrument  will 
not  supersede  the  author's  operating  cystoscope  for  special 
operative  work  in  the  bladder,  it  may  be  preferred  as  an  operat- 
ing cystoscope  by  those  who  are  experienced  in  the  Kelly  and 
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Elsner-Braasch  methods,  since  the  technic  of  its  application  will 
be  found  easy  to  master  by  such  workers.  With  the  instrument 
introduced  in  the  usual  fashion  and  the  bladder  washed  out, 
observation  cystoscopy  is  first  carried  out,  a  foreign  body  is 
viewed,  or  a  ureter  put  into  the  field,  or  a  tumor  or  ulcer  in- 
spected, as  the  case  may  be. 

To  fulgurate,  a  properly  selected  tip  is  adjusted  to  the  cathe- 
ter outlet  and  the  special  applicator  or  wire  introduced  just  as 
in  the  author's  operating  cystoscope,  it  being  remembered  that 
the  absence  of  a  catheter  deflector  necessitates  working  at  close 
range  to  obtain  a  precise  application  of  the  electrode  against  the 
tumor.  For  fulguration  at  the  neck  of  the  bladder,  for  lesions 
at  the  sphincter,  and  for  tumors  that  have  their  origin  at  the 
urethra  side  of  the  sphincter,  a  most  satisfactory  view  is  obtained 
and  the  mechanical  factors  for  successful  employment  are  almost 
ideal.  For  fulguration  in  the  trigonal,  sphincteric,  and  juxta- 
sphincteric  regions,  the  author's  special  hard  rubber  curved 
electrode  (fig.  6)  is  recommended.  For  dilatation  of  the  ureters 
the  instrument  possesses  some  advantages  over  the  indirect  type 
of  cystoscope,  because  it  can  be  brought  more  directly  in  line 
with  the  ureteral  orifice.  Catheters  of  increasing  size,  bougies, 
a  special  type  of  Philip's  filiform  (Buerger)  (Fig.  8),  or  Buerger's 
olivary  dilators  may  be  employed. 

For  removing  foreign  bodies  (fig.  7)  such  as  small  ureteral 
calculi  that  have  decended  into  the  bladder,  the  urethroscope 
may  be  occasionally  useful.  The  foreign  body  is  held,  pushed 
beyond  the  field  of  vision,  the  instrument  as  a  whole  removed, 
the  foreign  body  in  the  grasp  of  the  forceps  following  in  the 
manner  suggested  by  the  author  when  the  operating  cystoscope 
is  employed. 

For  snaring  papillomata  a  small  sized  snare  will  be  found 
serviceable,  although  the  lack  of  the  deflector  makes  the  snare 
more  difficult  to  manipulate  than  through  operating  cystoscope. 

For  intravesical  biopsy  the  urethroscope  will  be  valuable 
particularly  when  the  specimens  are  to  be  removed  from  the 
region  of  the  neck  of  the  bladder. 
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As  a  posterior  urethroscope.  In  routine  examinations  the 
author's  cysto-urethroscope  possesses  distinct  advantages  over 
the  universal,  in  that  it  is  not  so  hkely  to  cause  traumatism. 
Furthermore,  the  Buerger  cysto-urethroscope  may  be  moved 
backward  and  forward  and  pushed  inw^ard  and  outward  fre- 
quently during  the  examination,  without  incurring  the  risk  of 
producing  hemorrhage,  making  a  more  thorough  examination 
possible,  even  in  difficult  cases  in  which  the  universal  cysto- 
urethroscope  would  be  less  satisfactory.  However,  the  value  of 
the  universal  urethroscope,  i.e.,  the  direct  telescopic  type  of 
vision  in  the  urethra,  should  not  be  underestimated,  there  being 
a  distinct  field  of  application  iot  this  method  of  examination. 

The  urethral  view  is  different  from  that  obtained  with  the 
prismatic  telescope,  a  sort  of  periscopic  picture  of  panoramic 
view  being  obtained,  as  the  urethra  closes  just  beyond  the  objec- 
tive end  of  the  tube.  Thus,  for  the  determination  of  the  func- 
tional activity  of  the  sphincter,  for  the  estimation  of  its  power 
of  contraction,  or  of  its  degree  of  relaxation,  particularly  in  the 
neurogenic  disorders  of  micturition,  the  instrument  is  ideal.  In 
the  treatment  and  diagnosis  of  filiform  strictures  (fig.  8),  the 
universal  urethroscope  should  find  a  place  in  the  armamen- 
tarium of  ever  urologist. 

As  a  Kelly  or  Luys  endoscope.  Certain  advantages  are  offered 
by  the  instrument  in  the  presence  of  the  large  catheter  outlet 
through  which  catheters  or  other  devices  may  be  introduced. 
For  those  who  limit  their  work  to  the  female  urinary  tract,  the 
length  of  the  instrument  may  be  reduced  from  1\  inches  to  6| 
or  6|  inches.  The  possibiUty  of  maintaining  a  dry  field  by 
aspiration  through  the  tubule  figure  2d,  at  the  faucet  figure 
2e,  obviates  the  necessity  of  introducing  Kelly's  special  aspirat- 
ing device. 

As  for  its  uses  as  an  air  inflation  urethroscope  or  Elsner- 
Braasch  cystoscope  (fig.  4),  enough  has  been  said  to  indicate 
that  it  may  be  so  employed,  although  we  ourselves  'do  not  find 
any  necessity  for  invoking  the  use  of  these  methods. 
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so:me  new  methods  ix  the  treatment  of  car- 
cinoma OF  the  lower  genito-urinary 

TRACT  WITH  RADIUM* 

HUGH  H.  YOUNG  and  WILLIAM  A.  FRONTZ 

From  The  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

During  the  past  two  j-ears,  we  have  treated  with  radium 
sixty-six  eases  of  cancer  of  the  prostate.  In  forty-two  of 
these,  the  tumor  was  extensive,  not  only  the  prostate  but  the 
seminal  vesicles  being  involved.  In  nineteen  the  process  was 
confined  apparentlj'  to  one  half  of  the  prostate  and  the  corre- 
sponding vesicle,  while  in  four  the  vesicles  were  apparently  free 
from  invasion. 

The  diagnosis  of  carcinoma  was  made  by  rectal  examination 
alone  in  all  but  four  cases.  These  had  previously  been  oper- 
ated upon,  the  tissue  removed  showing  typical  carcinoma.  The 
diagnosis  of  malignancy  was  confirmed  in  twelve  other  cavSes, 
nine  of  which  were  subsequentlj'  operated  upon  and  three  coming 
to  autopsy.  In  the  remaining  cases  in  which  histological  confir- 
mation was  impossible,  the  findings  were  typical  of  malignancy. 

TECHNIQUE    OF   TREATMENT 

The  treatment  in  practically  all  of  these  cases  has  been  carried 
out  with  103.7  mgm.  of  radium  element,  contained  in  a  thin  glass 
tube  24.3  mm.  in  length  and  3.4  mm.  in  diameter.  In  the  treat- 
ment of  all  of  the  cases  of  prostatic  carcinoma,  the  glass  tube 
of  radium  has  been  contained  in  a  capsule  of  platinum  29.5  mm. 
in  length,  6.5  mm.  in  diameter  and  1.5  mm.  in  thickness,  a  screen- 
age  more  than  sufficient  to  filter  out  practicalh'  all  of  the  irritat- 
ing beta  rays.     In  the  treatment  of  carcinoma  of  the  prostate 

*Read  at  the  meeting  of  the  American  Urological  Association  in  Chicago, 
April,  1917. 
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and  seminal  vesicles,  three  portals  of  application  are  available: 
the  urethra,  the  bladder  and  the  rectum.  The  platinum  capsule 
with  its  contained  radium  is  introduced  in  the  beak  of  a  metal 
instrument,  in  general  outline  not  unlike  the  cystoscope^  (fig.  1). 
Urethra  and  bladder:  The  patient  lies  upon  his  back  on  a 
fiat  operating  table  and  after  the  genitalia  have  been  cleansed 
in  a  manner  similar  to  that  for  cystoscopy,  the  instrument  car- 
rying the  radium  in  its  beak  is  introduced  and  held  at  the  desired 
point  by  means  of  a  mechanical  arm  attached  to  the  table  (see 
fig,  2).  The  prostatic  urethra  may  be  so  treated  that  succes- 
sive treatments  do  not  overlap,  the  anterior  half  being  treated 
at  one  time,  the  half  nearest  the  bladder  at  another.  The  ure- 
thra, because  of  its  anatomical  relations  to  the  tumor,  forms  an 
admirable  point  of  attack  and  in  cases  with  evident  involve- 


Fig.  1.  Instrument  for  Rectal  and  Urethral  Applications 

ment  of  the  lateral  and  median  lobes,  a  large  portion  of  the  treat- 
ment is  carried  out  from  this  site.  The  seminal  vesicles  and  in- 
tervesicular  region  may  be  conveniently  radiated  through  the 
bladder,  the  capsule  being  carried  just  within  the  internal  sphinc- 
ter and  rotated  to  the  right  or  left  or  allowed  to  remain  in  the 
mid  line.  In  some  of  our  cases,  as  much  as  five  hours  of  radia- 
tion have  been  given  during  one  seance,  the  position  of  the  radium 
being  changed  at  hourly  intervals.  We  have  made  it  a  rule  to 
chart  as  accurately  as  possible  the  exact  position  of  a  given  rad- 
iation, as  shown  in  the  accompanying  diagram  (fig.  3) .  a  straight 
line  indicating  the  region  radiated,  opposite  which  is  placed  the 
date  and  the  amount  of  treatment,  reckoned  in  milligram-hours. 
By  this  means  the  treatment  in  a  given  case  is  graphically  shown 
and  too   frequent  repetition  of  radiation  at  one  point  may  be 

*  These  instruments  have  previously  been  described  in  the  Journal  of  the 
American  Medical  Association,  April  21,  1917,  by  H.  H.  Y. 
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avoided.  The  resistance  of  the  bladder  and  urethra,  so  far  as 
irritation  is  concerned,  is  subject  to  considerable  individual  varia- 
tion, but  as  a  rule  from  twelve  to  fifteen  hundred  milligram- 
hours  may  be  given  in  the  course  of  a  month,  providing 
radiation  at  any  one  point  does  not  exceed  100  mgm.-hrs.  during 


Fig.  2.  Illustration  Showing  the  Method  of  Giving  Urethral  and  Bladder 

Radiations.    The  Mechanical  Arm  Attached  to  the  Table 

Holds  the  Instrument  in  Desired  Position" 


Fig.  3.  Chart  Showing  the  Transvesical  .\xd  Transurethral  Treatments 


one  treatment,  and  if  the  intervals  between  treatments  are  of 
sufficient  length. 

Rectal  radiation.  For  these  treatments,  the  patient  lies  upon 
his  side,  with  the  knees  and  thighs  sharply  flexed.  The  radium 
is  introduced  into  the  rectum  in  the  beak  of  the  instrument  used 


508  HUGH    H.    YOUNG    AND    WILLIAM    A.    FRONTZ 

for  urethral  applications  and  accurately  placed  over  the  part  to 
be  radiated,  being  held  in  position  by  the  gloved  finger  until 
grasped  by  the  mechanical  arm  (see  fig.  4).  It  has  been  our 
plan  before  beginning  treatment  to  chart  as  accurately  as  pos- 
sible the  outlines  of  the  carcinoma.  It  is  then  possible,  as  shown 
in  the  accompanying  diagram  (fig.  5),  to  so  plan  the  treatments 
as  to  avoid  overlapping,  thus  decreasing  the  danger  of  rectal  ir- 
ritation. As  many  as  fifteen  to  twenty  areas  may  be  thus  mapped 
out  and  the  entire  tumor  systematically  treated.  It  is  well  in 
consecutive  treatments  to  select  areas  quite  widely  separated, 
as  for  instance  the  seminal  vesicles,  or  the  apex  of  one  lobe  and 
the  base  of  the  other,  thus  reducing  the  danger  of  injury  to  the 
mucosa.  The  normal  rectal  mucosa  is  so  freely  movable  over 
the  underlying  structures  that  the  treatment  of  adjacent  areas 
in  rapid  succession  cannot  be  carried  out  without  considerable 
risk. 

In  the  trans-rectal  treatments  we  usually  endeavor  to  give 
from  1500  to  2000  mgm.-hrs.  in  the  course  of  six  weeks  to  two 
months,  using  the  same  precautions  outlined  above  for  the  ure- 
thra. Usually  at  the  end  of  this  time,  there  are  beginning  signs 
of  rectal  irritation  and  the  treatment  is  immediately  discontin- 
ued, to  be  resumed  some  time  after  the  last  symptoms  have  dis- 
appeared which  is  usually  in  the  course  of  one  to  two  months. 
The  rectal  irritation  produced  by  radium  is  manifested  by  fre- 
quent desire  to  stool,  burning  discomfort  and  the  discharge  of 
mucus  which  may  be  blood-tinged  in  the  more  aggravated  cases. 
Rectal  examination  at  this  time  may  reveal  considerable  swell- 
ing of  the  mucous  membrane  or  nothing  abnormal  may  be  made 
out.  In  certain  cases  having  rather  marked  subjective  symp- 
toms, the  mucous  membrane  may  be  normal  to  palpation,  while 
in  others,  experiencing  no  discomfort  whatsoever,  the  mucosa 
shows  marked  thickening.  In  one  of  our  cases,  palpation  re- 
vealed in  addition  to  marked  thickening,  definite  crepitation  as 
if  there  were  air  beneath  the  mucosa. 

Great  variation  in  the  resistance  of  the  mucous  membrane 
has  been  noted.  On  the  one  hand,  it  may  become  quite  marked 
after  500  to  800  mgm.-hrs.  have  been  given,  while  in  other  cases 
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from  1500  to  2000  mgm.-hrs.,  given  in  proportionately  the 
same  time  are  followed  by  little  or  no  discomfort.  The  cause 
of  this  great  variation  in  resistance  is  not  always  apparent  but 
in  our  experience,  carcinomatous  involvement  of  the  rectal  wall 
or  pressure  upon  the  rectum  resulting  from  marked  enlargement 


Fig.  4.  Showing  Method  of  Givixf;  Rectal  Radiations 

of  the  prostate,  suggests  that  interference  with  the  blood  supply 
and  consequent  diminution  of  regenerative  power,  may  furnish 
an  explanation.  These  are  cases  showing  as  a  rule  to  palpation 
very  little  evidence  of  irritation.  The  rectal  mucosa  shows  no 
thickening  or  ulceration,  the  chief  sjTnptoms  being  burning 
discomfort,  frequent  desire  to  stool  and  in  some  cases  the  occa- 
sional discharge  of  small  amounts  of  mucus.     The  appearance 
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of  these  symptoms,  even  though  there  be  no  palpatory  evidence 
of  irritation,  calls  for  an  immediate  suspension  of  rectal  treat- 
ment, the  remaining  course  being  carried  out  through  the  urethra 
and  bladder. 

Upon  cessation  of  the  treatment  per  rectum,  slight  symptoms 
of  irritation  usually  subside  in  the  course  of  a  few  weeks.  From 
our  experience  it  would  not  seem  advisable  to  resume  the  treat- 
ment per  rectum  until  two  or  possibly  better  three  months  after 
the  last  symptoms  or  other  evidence  of  irritation  through  palpa- 
tion have  disappeared.  Under  the  head  of  delayed  reactions, 
may  be  grouped  certain  cases  having  only  slight  temporary  irri- 
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Fig.  5.  A  Case  of  Carcinoma  of  the  Prostate  and  Left  Seminal  Vesicle 
(Right  Vesicle  Slightly  Involved) 

The  radium  treatments  are  here  represented  with  dates,  each  line  indicating 
100  milligram-hours  of  treatment. 


tation  after  the  first  series  of  treatments.  Upon  continuing  the 
treatment  after  too  short  an  interval,  marked  rectal  irritation 
resulted,  the  appearance  of  severe  irritation  being  long  delayed, 
in  some  instances  several  months  after  the  last  treatment.  In 
the  majority  of  cases  from  1500  to  2000  mgm.-hrs.  of  radium 
may  be  given  during  the  course  of  six  weeks  to  two  months  with- 
out producing  marked  irritation. 

External  radium  treatments.  Our  study  of  these  cases  would 
be  incomplete  were  we  not  to  mention  the  external  applications 
of  large  amounts  of  radium  to  the  lower  abdomen,  perineum  and 
sacrum.  These  treatments  were  carried  out  by  Dr.  C.  F.  Bur- 
nam.     In  three  cases  the  treatment  was  purely  external,   no 
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urethral  or  rectal  applications  being  made  and  these  have  not 
been  included  in  this  series.  In  twelve  other  cases  both  methods 
were  employed.  The  radiations  were  made  with  from  1500  to 
2500  mgm.,  the  duration  of  the  treatment  ranging  from  eight 
to  fifteen  hours  and  the  distance  from  the  skin  averaging  three 
inches.  The  three  cases  receiving  external  radiation  alone  showed 
no  improvement.  In  the  remaining  twelve  the  improvement 
was  marked  in  two  cases.  One  of  these  was  treated  through 
the  perineum  with  2000  mgm.  for  nine  hours  at  a  distance  of  3 
inches.  Subsequently  he  received  2600  mgm.-hrs.  through  the 
urethra  and  rectum.  The  consistence  of  the  prostate  was  great- 
ly reduced  and  the  symptoms,  which  before  treatment  were 
greatly  aggravated,  cleared  up  completely.  This  patient  remains 
symptomatically  well  today,  one  year  after  the  treatment.  The 
second  case  received  two  external  applications  and  900  mgm.- 
hrs.  through  the  urethra.  He  was  seen  recently,  eighteen  months 
after  the  last  treatment,  with  marked  symptomatic  improve- 
ment and  a  prostate  somewhat  enlarged  but  not  suggestive  of 
malignancy. 

The  chief  difficulty  in  external  treatments  is  the  great  distance 
of  the  radium  from  the  lesion  to  be  radiated.  The  distance  is 
frequently  from  15  to  25  cm.,  while  in  the  internal  treatments, 
particularly  the  urethral  and  rectal,  it  is  possible  to  place  the  ra- 
dium ahnost  directly  against  the  neoplasm,  in  fact  separated  only 
by  tissues  from  1  to  3  mm.  thick  (the  urethral  mucosa  and  the 
rectal  wall).  As  the  potency  of  the  radium  varies  inversely  as 
the  square  of  the  distance  from  the  part  to  be  radiated,  the  im- 
portance of  reducing  the  distance  can  be  appreciated. 

STUDY    OF   RESULTS 

The  results  from  radium  treatment  of  carcinoma  of  the  pros- 
tate and  seminal  vesicles  have  in  many  cases  been  most  encourag- 
ing. Cases  presenting  marked  urinary  obstruction  have  respond- 
ed in  the  course  of  six  weeks  to  two  months  and  in  some  instances 
a  large  residual  urine  has  diminished  to  zero.  Cases  giving  a 
history  of  voiding  from  ten  to  twelve  times  at  night  and  then 
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only  with  extreme  difficulty  and  pain,  have  shown,  after  a  course 
of  treatment  marvelous  improvement,  urination  being  accom- 
plished in  a  normal  manner.  In  our  series  of  sixty-six  cases  nine- 
teen received  less  than  1200  mgm.-hrs.,  while  the  remaining  for- 
ty-seven were  given  more  than  this  amount,  the  radiation  in 
many  cases  ranging  from  3000  to  5000  mgm.-hrs.  We  have 
analyzed  our  results  as  follows : 

Cases  with  complete  retention.  In  eleven  cases  retention  of 
urine  was  complete.  In  two  cases  the  treatment  was  less  than 
1200  mgm.-hrs.,  while  in  the  remainder  it  averaged  about  3000 
mgm.-hrs.  The  obstruction  in  these  cases,  with  one  exception, 
showed  no  improvement,  eight  of  them  subsequently  coming 
to  operation  for  the  relief  of  urinary  retention.  The  single  case 
was  only  partially  benefited  and  has  had  to  resort  to  catheter  at 
night  since. 

Frequency  and  pain.  Fifty-one  cases  gave  a  history  of  more  or 
less  frequency  and  dysuria.  In  seventeen  the  radiation  was  less 
than  1200  mgm.-hrs.  and  the  improvement  symptomatically 
very  slight.  In  the  remaining  cases,  receiving  adequate  treat- 
ment, the  improvement  in  many  was  very  striking,  nine  being 
almost  completely  relieved  of  obstructive  symptoms,  nine  show- 
ing marked  improvement,  nine  responding  only  slightly,  seven 
being  unchanged. 

Size  and  consistence.  Those  cases  which  have  responded  symp- 
tomatically have  shown  also,  as  a  rule,  improvement  in  the  size 
and  consistence  of  the  prostate  and  seminal  vesicles.  In  many 
instances  the  prostate  has  changed  from  a  stony  consistence  to 
the  normal  elasticity.  The  size  has  also  diminished  although 
in  this  respect  the  change  has  not  been  so  striking.  In  many  of 
these  cases,  examination  now  would  lead  to  a  diagnosis  of  ade- 
nomatous hypertrophy.  The  change  in  the  size  and  consistence 
of  the  seminal  vesicles  has  not  been  at  all  comparable  to  the  im- 
provement noted  in  the  prostate. 

In  the  forty-two  cases  having  extensive  involvement,  thirty 
received  treatment  exceeding  1200  mgm.-hrs.  In  eleven  of  these 
cases,  all  of  which  received  from  2000  to  5000  mgm.-hrs.,  there 
was  a  marked  change  in  the  consistence,  while  in  three  the  pros- 
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tate  showed  considerable  diminution  in  size  and  in  four  there 
were  very  definite  changes  in  the  size  and  consistence  of  the 
seminal  vesicles. 

Of  the  ninteen  cases  showing  a  unilateral  involvement  (pros- 
tate and  one  vesicle),  fourteen  received  radiation  exceeding  1200 
mgm.-hrs.  Of  these  receiving  from  2000  to  4000  mgm.-hrs., 
eight  showed  marked  softening  of  the  prostate  and  in  two  there 
were  corresponding  changes  in  the  vesicle. 

In  four  of  the  cases  the  involvement  was  confined  apparently 
to  the  prostate.  In  three  of  the  cases  the  radium  treatment  was 
short  and  not  completed  and  no  conclusions  can  be  drawn.  In 
the  fourth  case,  the  carcinomatous  area  was  small  and  confined 
to  one  lobe.  Eighteen  hundred  mgm.-hrs.  were  given  per  rectum 
and  225  mgm.-hrs.  per  urethram  during  the  course  of  ten  months. 
At  first  there  was  apparent  improvement  in  the  consistence  of 
the  area  but  notwithstanding  treatment  it  later  assumed  active 
growth  and  was  completely  removed  by  subtotal  prostatectomy. 
No  explanation  for  the  unusual  resistance  in  this  case  is  apparent. 

Of  nineteen  cases  in  which  there  was  marked  change  in  the 
consistence  of  the  prostate,  eight  showed  a  striking  improvement 
in  urinary  sjinptoms,  four  a  moderate  improvment,  four  slight 
improvement  and  three  no  improvement. 

In  five  cases  of  the  series  the  carcinoma  was  most  resistant  to 
treatment,  there  being  very  little  change  either  in  the  size  and 
consistence  of  the  prostate  and  seminal  vesicles  and  slight  if  any 
improvement  in  symptoms.  One  of  these  cases  received  radia- 
tion exceeding  2500  mgm.-hrs.,  two  exceeding  3200  and  two 
exceeding  5000. 

In  four  cases  a  prostatectomy  had  been  performed  previous  to 
the  application  of  radium.  The  tissues  removed  at  operation 
showed  definite  carcinoma.  In  two  of  these  cases  the  treatment 
is  too  recent  to  draw  any  conclusions.  In  the  third  case  a  supra- 
pubic prostatectomy  was  performed  in  January,  1915,  in  another 
city.  From  April  26,  1915,  to  May  12,  1915,  nine  radium  treat- 
ments were  given  elsewhere  through  the  rectum,  the  total  radia- 
tion being  1800  mgm.-hrs.  WTien  seen  by  us  in  June,  1915,  rectal 
examination  revealed  a  prostate  slightly  smaller  than  normal,  quite 
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irregular,  moderately  indurated  but  not  suggesting  malignancy. 
The  microscopic  sections  of  the  tissue  removed  at  operation  were 
examined  by  us  and  show  typical  carcinoma.  On  cystoscopy  the 
trigone  appeared  thickened,  very  irregular  and  lobulated.  On 
rectal  examination,  with  the  cystoscope  in  the  urethra,  the  tis- 
sues in  the  trigonal  region,  although  markedly  thickened  were 
extremely  soft.  Radium  applications  to  the  trigone  were  imme- 
diately begun  June  10,  1915,  and  in  the  course  of  a  few  days  150 
mgm.-hrs.  were  given.  In  addition  an  application  of  1700  mgm. 
was  given  to  the  perineum  and  abdomen  for  a  period  of  eleven 
hours.  During  the  following  month  160  mgm.-hrs.  were  given 
to  the  trigone  and  posterior  urethra  and  1600  mgm.  were  applied 
for  four  hours  to  the  abdomen  and  five  hours  to  the  perineum. 
In  October,  1915,  the  perineum  was  again  radiated  with  1900 
mgm.  for  seven  and  a  half  hours.  No  treatment  has  been  given 
since  March,  1916,  when  he  received  350  mgm.-hrs.  to  the  tri- 
gone and  urethra  and  200  mgm.-hrs.  through  the  rectum  to  the 
trigone.  At  the  last  cystoscopy  ten  months  ago  (June  10,  1916) 
the  trigone  was  still  considerably  enlarged  but  the  mucous  mem- 
brane was  smooth  and  there  was  nothing  to  suggest  malignant 
invasion.  Rectal  examination  was  not  suggestive  of  malignancy. 
This  patient  is  free  from  symptoms  at  present  (April  24,  1917). 
In  fourteen  cases  of  the  series  with  evident  metastasis  there  was 
pain  in  the  back,  hips  or  thighs.  In  none  of  these  cases,  of  course, 
was  there  any  alleviation  of  this  symptom  following  radiation 
of  the  primary  growth.  During  the  past  six  months  we  have 
had  two  cases  complaining  of  marked  pain  in  the  hip  and  thigh 
which  have  been  afforded  considerable  relief  by  intensive  treat- 
ment with  the  x-ray,  which  was  directed  against  the  region  in- 
volved in  the  spine  or  along  the  sciatic  nerve,  particularly  in 
the  region  of  the  sacrosciatic  notch.  By  using  small  portals 
side  by  side  many  exposures,  all  reaching  the  deep  area  involved, 
but  each  through  a  different  skin  area  can  be  safely  made.  In 
a  few  cases  with  very  severe  pains  in  hip  and  thigh  marked  im- 
provement was  thus  obtained.  The  Coolidge  tube  was  used, 
operating  at  a  spark  gap  of  9^  inches  and  a  current  of  20  milli- 
amperes.     A  screen  of  2.5  mm.  of  aluminum  and  4  mm.  of  glass 
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was  employed.  The  usual  distance  from  focus  to  skin  was  8 
inches  and  the  time  of  exposure  two  and  three-quarter  minutes. 
The  focal  distance  in  all  exposures  was  carefully  measured  and 
in  the  event  of  its  being  greater  or  less  than  8  inches,  the  time 
was  either  increased  or  diminished,  the  time  of  exposure,  other 
things  being  equal,  being  proportionate  to  the  square  of  the  dis- 
tance of  focus  to  skin.  More  or  less  recenth'  we  have  been  ray- 
ing the  abdomen,  back  and  perineum  in  conjunction  with  the 
use  of  radium.  We  have  endeavored  in  these  cases  to  secure  as 
many  portals  of  entry  as  possible,  the  areas  being  plotted  in  2 
inch  squares  with  a  10  per  cent  solution  of  silver  nitrate  which 
leaves  a  more  or  less  permanent  record.  The  radiation  of  a 
given  area  should  usually  not  be  repeated  within  a  month's  time. 
By  following  this  plan  we  have  seen  no  erythema  following  the 
treatment. 

CASES   SHOWING   SYMPTOMATIC    IMPROVEMENT 

The  following  cases  are  cited  as  illustrative  not  only  of  marked 
symptomatic  improvement  but  also  of  reduction  in  size  and  con- 
sistence of  the  prostate  and  seminal  vesicles. 

No.  5Jf46,  aged  80.  Admitted  October  12,  1916,  complaining  of  fre- 
quent and  difficult  urination.  For  two  years  prior  to  his  coming  to  the 
hospital  he  had  had  increasing  frequency  and  for  six  months  urination 
was  accomplished  with  great  difficulty  and  pain.  Rectal  examination 
on  admission  revealed  a  very  definite  carcinoma  involving  the  entire 
prostate  and  left  seminal  vesicle.  On  cj'stoscopy  325  cc.  of  residual 
urine  were  recovered.  Study  of  the  prostatic  orifice  showed  some 
median  enlargement  and  considerable  trabeculation  of  the  bladder  wall. 
From  October  12, 1916,  to  December  16,  1916,  500  mgm.-hrs.  of  radium 
were  given  per  urethram  and  1500  per  rectum.  Examination  at  the 
end  of  this  series  of  treatments  showed  marked  improvement  in  the  in- 
duration although  the  condition  was  still  suggestive  of  carcinoma. 
Treatment  was  resumed  January  8,  1917.  and  during  the  next  three 
weeks,  500  mgm.-hrs.  were  given  per  urethram  and  200  per  rectum. 
At  the  present  time  (April  25,  1917)  mination  is  accomplished  with  ease 
and  the  patient  voids  at  normal  intervals.  There  is  no  residual  urine. 
Kectal  examination  reveals  a  prostate  of  normal   size,  smooth   and 
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slightly  indurated.  Both  seminal  vesicles  are  slightly  thickened  and 
adherent.  The  case  now  presents  a  picture  of  sHght  prostatitis  and 
seminal  vesiculitis. 

No.  5193,  aged  62.  Admitted  June  11,  1916,  with  a  history  of  urinary 
frequency  beginning  three  years  before.  These  symptoms  gradually 
became  more  marked  and  for  the  past  year  he  has  been  required  to  pass 
his  urine  at  hourly  intervals  during  the  day  and  from  two  to  four  times 
at  night.  Throughout  the  course  of  the  illness  there  had  been  consider- 
able hesitancy  and  dribbling  and  during  the  year  before  admission  uri- 
nation had  been  accomplished  only  after  considerable  straining. 

Rectal  examination  showed  that  the  prostate  and  seminal  vesicles 
were  involved  in  a  very  definite  carcinoma.  The  prostate,  although 
not  much  larger  than  normal,  was  very  irregular,  fixed,  and  markedly 
indurated,  particularly  the  left  lobe.  The  induration  was  continuous 
with  a  mass  in  the  region  of  both  seminal  vesicles,  both  of  which  were 
enlarged,  nodular,  fixed  and  very  hard. 

The  patient  received  two  courses  of  treatments,  the  first  being  carried 
out  between  June  12,  1916,  and  July  20,  1916,  during  which  time  1400 
mgm.-hrs.  of  radium  were  given  per  rectum  and  400  mgm.-hrs.  per  ure- 
thram.  At  the  end  of  this  series,  the  prostate  and  seminal  vesicles  showed 
very  little  change  and  the  symptoms  only  slight  improvement.  The 
treatment  was  resumed  in  September,  1916,  and  from  September  16 
to  October  14,  1916,  1000  mgm.-hrs.  were  given  per  rectum  and  300 
per  urethram.  At  this  time  the  patient  complained  of  slight  rectal 
irritation,  examination  showing  a  somewhat  thickened  rectal  mucosa. 
The  prostate  was  of  normal  size  and  everywhere  elastic.  Both  seminal 
vesicles,  although  moderately  prominent,  were  only  slightly  indurated. 
Rectal  examination  of  the  prostate  and  seminal  vesicles  if  made  now 
for  the  first  time,  would  suggest  the  diagnosis  of  prostatitis  and  seminal 
vesiculitis,  and  not  cancer.  It  has  now  been  ten  months  since  the 
beginning  of  this  treatment.  Since  the  last  treatment  in  October,  1916, 
there  has  been  gradual  improvement.  Urination  is  now  (March,  1917) 
accomplished  with  ease,  the  patient  holding  his  urine  for  three  hours 
during  the  day  and  voiding  twice  at  night. 

No.  Jf.726,  aged  73.  Admitted  November  18,  1915,  with  a  history 
of  slight  urinary  frequency  beginning  one  year  previously.  Shortly 
after  the  onset,  urination  became  quite  difficult.  These  symptoms 
gradually  increased  and  for  several  months  before  admission  the  patient 
had  been  voiding  every  few  minutes  day  and  night.  Finally  complete 
retention  requiring  catheterization  came  on. 
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Rectal  examination  showed  the  prostate  somewhat  enlarged,  it«  sur- 
face irregular  and  both  lobes  markedly  indurated,  the  consistence  of 
the  left  lobe  bemg  stony  and  undoubtedly  cancerous.  Both  seminal 
vesicles  were  enlarged  and  indurated,  the  left  apparently  malignant, 
the  right  inflammatcrJ^  Cystoscopy:  Residual  urine  100  ce.  Blad- 
der capacit}'  150  cc.  Both  lateral  lobes  only  slightly  enlarged  intra- 
vesically;  moderate  trabeculation  of  bladder  wall  and  hyperti  ophy  of 
trigone.     Nothing  suggesting  carcinomatous  invasion  of  bladder. 

During  the  first  month  of  treatment,  the  patient  received  500  mgm.- 
hrs.  to  the  urethra  and  bladder  and  one  external  radiation  of  2000  mgm.- 
to  the  perinemn — time  nine  hours,  distance  3  inches.  Treatment  was 
resumed  nine  weeks  later  and  during  the  next  seven  weeks  950  mgm.-hrs. 
were  given  per  rectum  and  825  per  lu-ethram.  Frequent  rectal  exami- 
nations have  shown  gradual  improvement  in  the  condition  and  at  the 
last  examination  in  April  6,  1916,  the  prostate  was  not  enlarged.  The 
right  lobe  was  somewhat  irregular  but  perfectl}'  elastic,  while  the  left 
was  smooth  and  still  considerabty  indm-ated,  but  much  less  so  than  on 
admission.  There  has  been  no  urinary  difficult}^  since  the  treatment 
one  year  ago  (letter  Febuary  1917)  and  the  patient  is  practically  free 
from  symptoms.  Urination  is  perfectly  normal  and  he  is  able  to  hold 
his  urine  for  five  hours. 

THE    HISTOLOGICAL    CHANGES    PllODUCED    BY   RADIUM 

In  twelve  of  the  cases  of  carcinoma  of  the  prostate  and  semi- 
nal vesicles,  which  had  been  subjected  to  more  or  less  extensive 
radiation  through  the  urethra  and  rectmn,  we  secured  tissue  for 
histological  examination.  Of  these  cases  nine  were  operated 
upon  for  the  relief  of  urinary  obstruction,  eight  having  perineal 
prostatectomy  performed,  one  the  punch  operation.  In  the  re- 
maining three  tissue  was  procured  at  autopsy.  Brief  histories 
of  these  cases  with  clinical  findings  and  treatment,  together  with 
gross  and  microscopic  description  of  the  tissue  removed  follows: 

Case  1.  No.  4766,  aged  59.  Admitted  December  11,  1916,  with  a 
rather  marked  onset  of  urinary  frequency  eight  months  before.  For 
several  months  the  patient  had  been  voiding  every  half  hour  at  night 
and  at  fifteen-minute  intervals  during  the  day.  Urination  was  accom- 
pUshed  only  after  marked  straining,  the  urine  being  voided  drop  by  drop. 
Several  weeks  befcre  admission  he  developed  complete  retention,  re- 


518  HUGH    H.    YOUNG    AND    WILLIAM    A.    FRONTZ 

quiring  catheterization.  Examination  on  admission  revealed  an  exten- 
sive carcinoma  involving  the  entire  prostate  and  seminal  vesicles.  On 
cystoscopy  the  lateral  and  median  lobes  showed  slight  hypertrophy  in- 
tra vesically.  The  trigone  was  very  oedematous,  irregular  and  elevated. 
There  was  no  evidence  of  neoplastic  growth  within  the  bladder,  yet 
the  trigone  gave  the  examiner  the  impression  that  it  .was  infiltrated. 

Treatment:  Shortly  after  admission  one  external  application  of 
radium  was  made,  1886  mgm.  being  applied  to  the  perineum  for  eight 
hours  at  a  distance  of  3  inches.  During  the  next  five  months  the  pa- 
tient received  applications  of  radium  to  the  prostatic  urethra  and  blad- 
der and  per  rectum,  100  mgm.  of  radium  with  a  screenage  of  1.5  mm. 
platinum  being  employed.  Twenty-four  treatments  totalling  2900 
mgm.-hrs.  (1100  mgm.-hrs.  per  rectum  and  1800  mgm.-hrs.  per  ure- 
thram  and  vesicam)  were  given.  At  the  end  of  these  treatments  the 
symptoms  so  far  as  urination  was  concerned  had  not  improved.  Exami- 
nation of  the  prostate,  however,  showed  considerable  improvement  in 
the  consistence,  the  gland  being  quite  elastic.  Slight  changes  in  semi- 
nal vesicles.  On  May  20,  1916,  a  perineal  prostatectomy  was  per- 
formed for  the  relief  of  urinary  obstruction.  The  tissue  removed  at 
operation  was  of  cartilaginous  consistence,  differing  from  the  average 
carcinoma  in  the  absence  of  the  characteristic  yellow  color  so  frequently 
seen  in  malignant  disease  of  the  prostate. 

Microscopically  the  tissue  shows  a  large  number  of  carcinomatous 
acini  which  are  in  various  stages  of  degeneration.  For  the  most  part 
the  arrangements  is  that  of  adenocarcinoma  although  in  some  areas  the 
acinus  is  completely  filled  with  cells.  Most  of  the  cells  are  broken 
away  from  the  basement  membrane,  much  shrunken  and  barely  take 
the  stain.  All  are  very  granular,  a  number  being  composed  entirely 
of  coarse  granules  surrounding  the  nucleus  without  any  visible  cell  mem- 
brane. The  nuclei  which  are  of  varying  size  are  very  pyknotic.  In 
some  areas  the  degeneration  is  complete,  the  outlines  of  the  acinus  be- 
ing denuded  of  cells  and  filled  with  granular  debris  in  which  an  occasion- 
al pyknotic  nucleus  is  seen  (see  figs.  6  and  7). 

Following  the  closure  of  the  perineal  wound  rectal  examination 
showed  considerable  induration  in  the  region  of  the  prostate  with  en- 
larged and  indurated  seminal  vesicles.  From  August  9  to  October  12, 
2200  mgm.-hrs.  of  radium  were  given  per  rectum.  At  the  end  of 
these  treatments  rectal  examination  revealed  slight  induration  in  the 
region  of  the  prostate  and  seminal  vesicles  but  nothing  suggestive  of 
malignancy. 
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Case  2.  No.  4^31,  aged  66.  Admitted  March  2,  1915,  with  a  history 
of  occasional  attacks  of  acute  retention  requiring  catheterization 
throughout  a  period  of  eighteen  months.  There  was  rather  marked 
frequency  and  difficulty  in  voiding.  Rectal  examination,  on  admission 
revealed  an  extensive  carcinoma  involving  the  entire  prostate  and  both 
seminal  vesicles. 

Treatment :  The  radium  treatment  in  this  case  has  been  carried  out 
by  external  application  of  large  amounts  and  the  intraurethral  and 
intrarectal  use  of  103  mgm.  The  following  external  treatments  were 
given  : 

April  28,  1915.     1200  mgm.  to  perineum  for  twelve  hours. 

May  11,  1915.     1700  mgm.  to  suprapubic  region  for  six  hours. 

June  10,  1915.  1700  mgm.  to  perineum  for  five  hours  and  1700 
mgm.  to  suprapubic  region  for  four  hours. 

July  8,  1915.     1700  mgm.  to  suprapubic  region  for  eight  hours. 

October  7,  1915.  2000  mgm.  to  suprapubic  region  for  five  hours  and 
2000  mgm.  to  perineum  for  five  hours  and  2000  mgm.  to  sacrum  for 
five  hours. 

At  the  end  of  these  treatments  the  patient  showed  very  little  change 
symptomatically  and  the  prostate  and  seminal  vesicles  on  rectal  ex- 
amination revealed  practically  the  same  condition  as  on  admission. 
From  this  time  until  November,  1916,  the  treatments  were  carried  out 
per  urethram  and  and  per  rectum,  a  total  of  3250  mgm.-hrs.  being  given 
(2500  per  rectum  and  750  per  urethram).  Examination  now  showed 
very  little  change  in  the  size  and  consistence  of  the  seminal  vesicles. 
The  patient's  condition  grew  gradually  worse  and  he  developed  com- 
plete retention  of  urine  for  which  a  perineal  prostatectomy  was  per- 
formed in  November  17,  1916. 

Gross  appearance.  The  tissue  removed  did  not  resemble  carcinoma 
as  it  is  usually  seen.  Much  of  it  was  quite  soft,  while  other  areas  were 
fibrous  and  made  up  of  interlacing  trabeculae  in  the  interstices  of  which 
were  small  yellow  areas.  The  tissue  was  quite  firm  but  not  of  stony 
consistence. 

Microscopic.  The  sections  of  this  tissue  show  adeno-carcinoma 
which  in  many  places  has  extensively  invaded  the  stroma.  In  many 
areas  which  are  apparently'  carcinoma  the  acini  are  filled  up  with  masses 
of  material  which  take  the  hematoxylin  stain  and  are  composed  of  dense 
strands  packed  closely  together.  WTiether  this  represents  a  peculiar 
type  of  nuclear  degeneration  or  what  appears  more  probable  from 
a  study  of  certain  areas  a  fibro-blastic  proliferation  is  difficult  to  det^r- 
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mine.  Among  the  strands  may  be  seen  epithelial  nuclei.  The  epi- 
thelium for  the  most  part  shows  marked  degeneration  although  in 
certain  areas  it  is  fairly  well  preserved.  In  the  acini  containing  none 
of  the  blue  staining  strands  the  cells  are  granular  and  take  only  a  very 
slight  hematoxylin  stain.  They  are  almost  completely  filled  with  oval 
nuclei  in  which  the  arrangement  of  chromatin  is  well  made  out. 
Throughout  most  of  the  section,  however,  the  epithelium  presents  an 
appearance  of  more  advanced  degeneration;  the  cells  are  completely 
broken  up  but  in  some  places  pyknotic  nuclei  remain  (see  figs.  8  and  9). 
Five  weeks  after  the  operation  the  patient  left  the  hospital  with  the 
operative  wound  completely  healed.  He  was  able  to  retain  urine  for 
four  to  five  hours  and  there  was  apparently  an  excellent  functional  re- 
sult. Two  months  after  returning  home,  however,  there  was  a  rapid 
extension  of  the  carcinoma,  the  patient  dying  March  15,  1917. 

Case  3.  No.  4718,  aged  61.  Admitted  November  15,  1915.  This 
patient  was  admitted  to  the  hospital  with  renal  colic  and  during  the 
routine  examination  a  small  markedly  indurated  area  was  found  in  the 
right  prostatic  lobe  near  the  apex.  He  had  never  had  any  symptoms 
of  urinary  obstruction  or  symptoms  suggestive  of  prostatic  trouble. 
After  the  passage  of  the  ureteral  calculus  radium  treatment  was  begun, 
103  mgm.  of  radium  with  1.5  mm.  platinum  screen  being  given  directly 
over  the  small  area  which  apparently  did  not  exceed  1.5  cm.  in  diameter. 
From  February  to  November,  1916,  eighteen  treatments  totalling  1800 
mgm.-hrs.  were  given  per  rectum  directly  over  the  indurated  area  in 
the  right  lobe.  Frequent  rectal  examinations  showed  a  slight  but  defi- 
nite increase  in  the  size  of  the  tumor,  nothwithstanding  the  treatment, 
and  on  Febuary  9,  1917,  a  subtotal  prostatectomy  was  performed,  the 
carcinoma  apparently  being  completely  removed. 

Gross  appearance.  Examination  of  the  tissue  removed  showed  a 
more  or  less  localized  carcinoma  confined  for  the  most  part  to  the  pos- 
terior capsule  in  the  region  of  the  apex.  Little  if  any  change  as  a  re- 
sult of  radium  could  be  determined  from  the  gross  appearance. 

Microscopic.  The  sections  apparently  show  no  effect  of  radium 
treatment;  the  cells  and  nuclei  are  all  well  preserved  and  present  nothing 
unusual.  The  tumor  is  very  cellular,  there  being  but  a  small  amount 
of  stroma  present. 

The  patient  was  discharged  from  the  hospital  at  the  end  of  six  weeks 
with  the  perineal  wound  healed.  Urination  was  free  and  the  patient 
was  able  to  retain  urine  for  five  hours.  Three  months  after  operation 
a  perineal  abscess  developed  resulting  in  the  formation  of  a  recto-ure- 
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thral  fistula.  Examination  at  the  present  time  (May  15,  1917)  re- 
veals nothing  to  suggest  recurrence. 

Case  4'  iVo.  oo23,  aged  65.  Admitted  November  9,  1916.  The  onset 
of  urinary  sjTnptoms  eight  months  prior  to  admission  began  with  fre- 
quency and  difficulty  in  voiding.  These  symptoms  gradually  became 
more  marked  until  the  patient  developed  a  paradoxical  incontinence. 
Rectal  examination  showed  a  somewhat  irregular  and  very  hard  prcs- 
tate.  It  was  very  fixed  and  the  examining  finger  could  not  be  passed 
between  the  lateral  lobes  in  the  mid  line,  as  is  usual  in  hj'pertrophy. 
The  prostatic  induration  is  continuous  with  a  similar  consistence  in  the 
region  of  both  seminal  vesicles,  both  of  which  are  very  much  enlarged, 
irregular  and  adherent.  During  the  next  six  weeks  900  mgm.-hrs. 
of  radium  were  given  per  rectum  and  400  mgm.-hrs.  per  urethram. 
The  complete  retention  being  unrelieved  a  perineal  prostatectomy  was 
performed  December  17,  1916. 

Gross  appearance.  The  gross  picture  is  rather  characteristic  of  car- 
cinoma except  that  it  seems  to  contain  more  fibrous  tissue  and  fewer 
yellow  areas,  although  several  definite  yellow  areas  are  to  be  seen.  In- 
stead of  being  incompressible,  as  is  the  average  carcinoma,  the  tissue  is 
quite  elastic,  a  feature  noted  in  other  cases  receiving  radium  treatments 
prior  to  operation. 

^licroscopic.  These  sections  show  a  great  excess  of  fibrous  tissue 
in  the  meshes  of  which  are  acini  which  have  undergone  all  stages  of 
degeneration.  The  cells  are  pale-staining,  coarseh'  granular  and  most 
of  the  nuclei  completely  pyknotic.  The  cell  membranes  have  for  the 
most  part  disappeared.  The  architecture  of  most  of  the  acini  is  de- 
stroyed, no  lumen  being  present,  the  cells  being  compressed  by  the 
dense  fibrous  tissue.  It  is  impossible,  therefore,  to  distinguish  accurate- 
ly between  acini  and  true  invasion.  In  several  small  areas  of  the 
section  tubules  filled  with  well  preserved  epithelial  cells  are  seen.  The 
cells  are  swollen,  clear  and  contain  active  looking  nuclei  (a  type  of  cell 
frequenth^  seen  when  carcinoma  is  growing  actively  in  a  tubule).  la 
one  of  these  tubules  several  pseudo-acini  can  be  seen,  the  cells  being 
grouped  about  central  lumina  but  without  separating  trabeculae.  Ex- 
cept for  these  areas  just  noted,  the  tumor  would  appear  to  have  under- 
gone very  marked  regressive  change  (see  figs.  10  and  11). 

The  operation  was  followed  by  closure  of  the  perineal  wound  on  the 
twenty-third  day.  At  the  time  of  his  discharge  from  the  hospital  on 
Febuarj'  3,  1917,  he  was  holding  his  urine  for  three  hours  during  the 
day  and  voiding  once  at  night.     Urination  was  accomplished  without 
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straining  and  there  was  perfect  control.  Recta]  examination  at  this 
time  revealed  nothing  suspicious  of  malignancy. 

Case  5.  No.  5626,  aged  58.  Admitted  December  30,  1916,  with 
a  history  of  obstructive  symptoms  beginning  six  months  before.  Fre- 
quency of  urination  and  dysuria  have  gradually  increased.  Rectal 
examination  on  admission  revealed  a  prostate  somewhat  enlarged,  ir- 
regular, but  elastic  for  the  most  part.  Along  the  base  of  both  lobes 
and  the  lateral  margin  of  the  left  is  rather  marked  induration  which  is 
continuous  with  an  enlarged  and  hard  left  seminal  vesicle.  The  con- 
dition was  considered  to  be  very  suspicious  of  carcinoma  and  in  the 
course  of  three  weeks  800  mgm.-hrs.  were  given  per  rectum  and  300 
per  urethram.  At  the  end  of  this  period  the  urinary  retention  was 
unrelieved  and  a  perineal  prostatectomy  was  performed. 

Microscopic.  A  very  cellular  type  of  acleno-carcinoma.  The  acini 
are  small  and  in  most  of  the  sections  tightly  wedged  together,  there 
being  a  very  small  amount  of  intervening  stroma.  In  some  of  the  sec- 
tions the  acini  are  so  closely  packed  that  the  lumen  is  obliterated.  The 
cells  and  nuclei  show  no  apparent  change  due  to  radium. 

The  functional  result  in  this  case  is  excellent.  The  wound  closed 
on  the  seventh  day  and  at  the  time  of  his  discharge  from  the  hospital 
he  was  able  to  hold  urine  for  four  hours,  voiding  it  freely  and  in  good 
stream.     Rectal  examination  revealed  nothing  to  suggest  malignancy. 

Case  6.  No.' 4259,  aged  65.  Admitted  March  17,  1915.  This  is  a 
case  of  extensive  carcinoma  of  the  prostate  and  seminal  vesicles.  He 
was  operated  on  March  24,  1915,  for  relief  of  urinary  obstruction.  He 
returned  to  the  hospital  October  4,  1916,  with  complete  retention  cf 
urine.  Examination  revealed  a  marked  extension  of  the  carcinoma 
with  infiltration  of  the  prostatic  orifice  and  trigone.  Radium  treat- 
ment was  immediately  begun  and  from  October  5,  1916,  to  December 
9,  1916,  2400  mgm.-hrs.  were  given  per  rectum  and  250  per  urethram. 
At  the  end  of  this  time  there  was  no  improvement  in  obstruction.  On 
December  13,  1916,  through  a  perineal  incision  a  large  mass  of  car- 
cinoma was  removed  from  around  the  prostatic  urethra  and  beneath 
the  vesical  orifice. 

Microscopic.  This  tumor  is  apparently  a  very  actively  growing 
carcinoma.  In  some  areas  the  arrangement  is  that  of  adeno-carcinoma. 
In  others  it  has  extensively  invaded  the  stroma  and  conforms  to  no  gen- 
eral type  of  architecture.  The  cells,  in  many  areas,  are  well  preserved; 
in  others  broken  up.  The  nuclei  in  the  adeno-carcinomatous  parts 
for  the  most  part  are  large,  pale-staining  and  contain  one  or  two  nu- 
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cleoli.  The  invasive  ^owth  shows  marked  pyknosis  and  some  shrink- 
age of  the  cells  away  fi(;in  the  surrounding  stroma.  Apparently  there 
has  been  no  marked  change  as  a  result  of  radiation. 

Case  7.  No.  5298,  aged  72.  Admitted  August  22,  1916.  For  two 
years  prior  to  his  admission  to  the  hospital  the  patient  had  considerable 
urinarj^  difficulty  with  frequent  attacks  of  acute  retention.  Rectal 
examination,  on  admission,  revealed  a  large  carcinoma  involving  the 
entire  prostate  and  both  seminal  vesicles. 

Treatment.  From  August  26,  1916,  to  November  1,  1916,  1950 
mgm.-hi's.  of  radium  were  given  per  rectum  and  100  mgm.-hrs.  per 
urethram.  At  the  end  of  this  time,  there  was  no  improvement  in  ob- 
struction and  a  perineal  prostatectomy  was  done  for  the  relief  of 
obstraction. 

Microscopic.  Sections  of  the  tissue  removed  at  operation  show 
considerable  fibrous  tissue  which  is  invaded  by  carcinoma  in  many 
places.  This  arrangement  is  that  cf  adeno-carcinoma  and  the  cells 
for  the  most  part  are  very  weU  preserved.  In  many  areas  are  tubules 
which  are  filled  with  carcinoma  cells  which  have  a  f\'pical  glandular 
arrangement.  Mam-  of  the  nuclei  are  pyknotic  but  there  are  no  other 
evidences  of  an}'  regressive  change. 

The  postoperative  course  in  this  case  was  uneventful,  the  perineal 
wound  closing  at  the  end  of  four  weeks.  Urination  was  accomplished 
without  diffculty.  there  was  good  control  and  the  patient  could  retain 
his  urine  for  four  to  five  hours.  On  discharge  from  the  hospital,  De- 
cember 8,  1916,  there  was  moderate  induration  in  the  region  cf  the 
prostate  which  also  involved  the  seminal  vesicles. 

Case  8.  No.  5418,  aged  66.  Admitted  October  5,  1916.  This 
history  in  this  case  dates  back  one  and  one-half  j'cai-s,  at  which  time 
there  w^as  a  sudden  onset  of  urinary  frequency  and  urgencj'.  These 
sjTiiptoms  have  progressively  grown  worse  and  for  eight  weeks  prior 
to  admission  the  patient  had  been  voiding  every  fifteen  minutes  during 
the  day  and  had  nocturnal  incontinence.  Examination  on  admission 
showed  a  ver\'  extensive  carcinoma  of  the  prostate  and  seminal  vesicles. 
Residual  urine  850  cc. 

Treatment.  From  October  5,  1916,  to  November  22,  1916,  1400 
mgm.-hrs.  of  radium  were  given  per  rectum  and  300  per  urethram. 
There  was  no  improvement  in  obstruction  and  a  perineal  prostatectomy 
was  done. 

]Microscopic.  In  none  of  the  sections  studied  is  there  any  change 
either  in  the  cells  or  in  the  architecture  of  the  tumor  which  can  be  as- 
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cribed  to  the  action  of  radium.  The  tissue  is  typical  of  advanced  car- 
cinoma of  the  prostate. 

The  perineal  wound  in  this  case  closed  at  the  end  of  the  third  week, 
at  which  time  the  patient  was  retaining  urine  for  four  hours  and  voiding 
it  without  difficulty.  Rectal  examination  on  December  21,  1916, 
showed  some  induration  in  the  region  of  the  prostate  but  the  seminal 
vesicle  had  diminished  greatly  in  size  and  consistence. 

Case  9.  No.  2237,  aged  61.  Admitted  September  4,  1915,  with  a 
history  of  urinary  obstruction  for  six  months.  Examination  on  ad- 
mission revealed  carcinoma  involving  the  right  lobe  and  lower  portion 
of  right  seminal  vesicle.  Radium  treatments  were  immediately  begun, 
the  following  external  treatments  being  carried  out. 

September  15,  1915.  1965  mgm.  applied  to  the  perineum  for  ten 
hours  at  a  distance  of  4  inches. 

October  6,  1915.  1580  mgm.  applied  to  the  perineum  and  back 
(sacrum)  each  for  seven  and  one-half  hours. 

From  September  15  to  November  24,  1400  mgm.-hrs.  were  given 
through  the  urethra  and  bladder.  As  a  result  of  this  treatment,  while 
there  was  very  little  symptomatic  improvement,  the  prostate  had  di- 
minished considerably  both  in  size  and  consistence.  On  December  15 
death  occurred  from  a  cardiac  complication.  Examination  post  mor- 
tem showed  no  invasion  of  the  bladder,  the  carcinoma  being  confined 
to  the  posterior  capsule  and  the  right  seminal  vesicle. 

Microscopic.  The  tissue  which  was  removed  at  various  levels  shows 
typical  carcinoma.  The  cells  are  for  the  most  part  quite  well  preserved 
and  only  rarely  conform  to  the  adeno-carcinoma  arrangement.  They 
are  present  in  long  strands  between  bundles  of  fibrous  tissue  which  pre- 
dominates. In  many  areas  the  cells  are  broken  up  and  the  nuclei 
pyknotic.  The  tumor,  however,  gives  one  the  impression  of  being  ac- 
tively growing  and  only  slight  degenerative  changes  can  be  seen. 

Case  10.  No.  4954,  aged  77.  Admitted  March  13,  1916,  with  a  his- 
tory of  urinary  obstruction  for  five  years.  For  two  years  previous 
to  admission  he  had  been  voiding  from  ten  to  twelve  times  at  night.  Ex- 
amination revealed  an  extensive  carcinoma  involving  the  entire  pros- 
tate and  seminal  vesicles.     Residual  urine  250  cc. 

Treatment.  From  March  13  to  April  1,  1800  mgm.-hrs.  of  radium 
were  given  per  rectum  and  300  mgm.-hrs.  per  urethram.  At  the  end 
of  this  series  of  treatments  the  symptomatic  improvement  was  remark- 
able, urination  being  normal  in  every  respect.  Rectal  examination 
showed  no  evidence  of  prostatic   induration  and   one  examining  the 
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prostate  for  the  first  time  would  say  that  the  prostate  was  somewhat 
enlarged  and  somewhat  characteristic  of  adenomatous  hypertrophy 
but  not  all  suspicious  of  carcinoma.  Examination  of  the  seminal  ves- 
icles, however,  showed  very  little  change.  They  were  still  about  the 
same  size  as  formerh'  but  had  softened  somewhat  under  the  treatment 
Because  of  rectal  irritation,  treatment  was  suspended  until  June  3. 
Cystoscopy  at  this  time  revealed  no  residual  urine  and  no  evidence  of 
carcinomatous  invasion  of  the  bladder.  The  patient  still  remained 
free  from  urinary  s\Tnptoms.  Radium  treatment  was  resumed  and 
from  June  3  to  Julj^  18,  700  mgm.-hrs.  were  given  per  rectum.  The 
patient  remained  free  from  sjinptoms  until  September  20,  when  he  no- 
ticed the  escape  of  urine  per  rectum.  On  admission  to  the  hospital  on 
October  4,  examination  revealed  a  great  extension  of  the  carcinoma 
which  had  ulcerated  through  the  posterior  wall  of  the  bladder  and  rec- 
tum with  the  formation  of  a  recto-vesical  fistula.  Death  December 
15.     Autopsy. 

Microscopic.  Sections  of  the  tissue  show  definite  carcinoma  in  every 
portion  of  the  prostate.  The  tumor  is  very  cellular  and  the  stroma 
which  is  relatively  slight  in  amount  is  everj'where  invaded.  The  car- 
cinoma cells  are  found  tightly  pressed  together  in  large  clusters  and  the 
glandular  arrangement  is  rarely  seen.  The  cells,  for  the  most  part,  are 
well  preserved  and  the  radium  had  produced  apparently  no  change  in 
the  microscopic  appearance  of  the  tumor. 

Case  11.  Xo.  5170,  aged  67.  Admitted  June  1,  1916,  with  a  history 
of  urinary  frequency  for  one  and  one-half  years.  For  two  months  be- 
fore admission  he  had  been  voiding  three  to  four  tunes  at  night.  Ex- 
amination on  admission  revealed  an  extensive  carcinoma  of  the  pros- 
tate and  both  seminal  vesicles. 

Treatment.  Radium  treatment  was  begun  immediately  and  during 
the  first  six  weeks  he  received  1400  mgm.-hrs.  per  rectum.  He  re- 
turned to  the  hospital  in  September,  examination  showing  a  marked 
extension  of  the  growth  with  metastases  to  the  spine.  Death  Novem- 
ber 4,  1916. 

Microscopic.  The  sections  which  were  made  from  all  portions  of 
the  prostate  show  typical  carcinoma.  The  carcinoma  cells  are  well 
preserved  and  no  changes  due  to  radium  can  be  demonstrated. 

Case  12.  No.  5299,  aged  72.  Admitted  August  22,  1916.  This  pa- 
tient gave  a  history  of  urinar\'  frequency  and  difficulty  in  voiding  for 
three  years.  For  a  month  before  admission,  he  had  been  catheterized 
once  or  twice  daily,  the  residual  urine  being  from  500  to  800  cc.     Ex- 
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amination  at  the  time  of  admission  revealed  a  definite  carcinoma  of  the 
prostate  with  questionable  involvement  of  the  seminal  vesicles.  The 
residual  urine  was  450  cc.  and  cystoscopy  showed  marked  irregularity 
of  the  prostatic  orifice  suggesting  carcinomatous  invasion. 

Treatment.  During  the  first  series  of  treatments  from  August  22 
to  October  3,  1700  mgm.-hrs.  were  given  per  rectum  and  200  mgm.- 
hrs.  per  urethram.  At  this  time  there  was  slight  symptomatic  improve- 
ment and  general  softening  of  the  gland.  The  second  series  of  treat- 
ments began  December  4.  From  this  time  to  January  2,  100  mgm.- 
hrs.  were  given  per  rectum  and  200  per  urethram.  Symptomatically 
there  was  very  slight  if  any  improvement,  the  residual  urine  remaining 
the  same  and  on  January  15,  a  punch  operation  was  done  for  the  re- 
lief of  urinary  obstruction.  This  was  followed  by  a  good  functional 
result  and  the  patient  has  been  voiding  freely  ever  since. 

Microscopic.  Examination  of  the  tissue  removed  at  operation  shows 
definite  adeno-carcinoma.  No  changes  in  the  sections  can  be  ascribed 
to  the  action  of  radium. 

Remarks.  As  to  the  great  diversity  of  clinical  effect  and  cellular 
change  produced  by  the  radium  treatments  given  in  the  preceding  cases, 
we  have  no  explanation  to  offer.  We  have  given  at  length  the  good 
with  the  bad  results. 

RADIUM  TREATMENT    OF   BLADDER   TUMORS 

In  the  application  of  radium  to  bladder  tumors  the  patient  is 
prepared  as  for  cystoscopy.  For  tumors  in  the  region  of  the 
vesical  orifice  and  trigone,  an  instrument  very  similar  to  that 
employed  for  the  treatment  of  prostatic  carcinoma  is  used.  It 
is,  however,  a  tubular  instrument  through  which  an  observation 
cystoscope  can  be  passed,  thus  enabhng  the  operator  to  apply 
the  radium  accurately  to  the  tumor  (see  figs.  12,  13  and  14). 
For  tumors,  upon  the  anterior  and  lateral  walls,  the  instrument 
just  described  is  sometimes  unsatisfactory  as  the  tip  of  the  ra- 
dium capsule  and  not  the  long  diameter  comes  in  contact  with  the 
tumor.  To  obviate  this  difficulty,  another  type  of  instrument  was 
devised,  as  shown  in  figures  15,  16  and  17.  It  is  seen  to  possess 
a  beak  composed  of  two  hollow  halves,  and  an  intermediate  shell 
in  which  the  capsule  containing  the  radium  is  placed.  By  a  simple 
screw  mechanism,  the  halves  can  be  separated  and  thus  the  shell 
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containing  the  radium  swung  out  so  that  its  long  axis  Hes  parallel 
to  the  shaft  of  the  instrument.  This  instrument  also  carries  a 
cystoscope  making  accurate  applications  possible.  Neither  of 
the  above  instruments  is  suitable  for  some  tumors  lying  on  the 


Fig.  12.  Lv^tkumext  U»kd  Fok  Tcmohs  in  the  Regiox  of  the  Vesical 
Orifice  axd  Trigoxe 


Fig.  13.  The  Same  as  Figure  12  with  the  Observation  Cystoscope 

IX  Position 


Fig.  14.  Showix-g  the  Application  of  Radium  to  a  Tumor  in  the  Region  op 
the  Right  Ureter.\l  Orifice 


posterior  wall.  For  the  treatment  of  these  another  design  was 
necessary  (see  figs.  18  and  19).  This  will  be  seen  to  resemble  in 
general  outline  the  instrument  first  described  except  that  its  beak, 
which  is  fenestrated,  serves  as  a  capsule  for  the  radium.  By 
means  of  wires  concealed  in  the  shaft  of  the  instrument  this  beak 
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can  be  made  to  revolve  about  its  center  so  that  its  long  axis  can 
be  brought  to  a  point  at  right  angles  to  the  long  axis  of  the  in- 
strument. The  radium  can  thus  be- placed  broadside  upon  the 
tumor  (see  figs.  20  and  21). 

In  carrying  out  these  treatn.ents  we  have  usually  employed 
a  capsule  of  brass,  one  side  of  which  is  fenestrated,  the  diameter 
of  the  fenestra  being  about  one-third  the  circumference  of  the 
capsule.  Both  the  beta  and  gamma  rays  are  thus  utilized,  the 
fenestrated  surface  of  the  capsule  being  placed  directly  upon  the 
tumor. 

As  in  treatment  of  carcinoma  of  the  prostate,  it  has  been  our 
plan  to  map  out  the  area  to  be  treated  and  to  outline  each  treat- 
ment together  with  the  date  and  dose  given  (see  fig.  22).  After 
the  radium  has  been  carried  to  the  desired  point  the  instrument  is 
held  in  a  fixed  position  by  the  mechanical  arm  employed  in  the 
treatments  described  for  carcinoma  of  the  prostate.  The  length 
and  frequency  of  the  treatments  varies  considerably  with  the 
individual  case,  but  as  a  rule  the  radiations  can  be  given  for  a 
period  of  an  hour  once  or  twice  a  week. 

This  report  includes  forty-five  cases  of  tumor  of  the  bladder 
treated  with  radium  alone  or  a  combination  of  radium  and  ful- 
guration.  Of  these  cases  fifteen  were  papillomata,  thirty  car- 
cinomata.  Of  the  papillomata  only  two  were  treated  with  radium 
alone,  the  one  receiving  350  mgm.-hrs.,  the  other  50  mgm.-hrs. 
Both  tumors  disappeared  within  three  weeks  after  radiation. 

In  thirteen  cases  of  papilloma  a  combination  of  radium 
and  fulguration  was  employed.  In  seven  cases  the  actual  effect 
of  the  radium  cannot  be  stated.  The  tumors  disappeared 
but  it  is  possible  that  many  would  have  responded  to  ful- 
guration alone.  In  the  remaining  6,  however,  the  radium 
played  apparently  a  very  definite  role  and  it  is  with  a  considera- 
tion of  these  cases  that  we  are  chiefly  concerned.  These  were 
all  papillary,  pedunculated  tumors,  presenting  cystoscopic  ap- 
pearances similar  to  the  type  of  tumor  which  usually  responds 
to  fulguration.  In  two  of  these  cases  specimens  were  obtained 
with  our  cystoscopic  Rongeur.  Both  sections  showed  histo- 
logically malignant  change  in  the  periphery  of  the  tumor  with- 
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out  infiltration,  the  changes  being  entirely  in  the  epithelium, 
there  being  no  evidence  of  infiltration  of  the  axis  of  the  papilla. 
In  these  six  cases,  the  tumors  were  first  treated  b\'  fulguration 
and  in  all  of  them  the  response  was  either  entirely  negative  or 


-4 


J 


Fig.  15.  Ixstrumext  for  the  Treatmext  of  Lateral  Wall  Tumors 


Fig.  16.  Ixstrumext  Showx  ix  Figure  15  with  the  Blades  Opex.     Obser- 
vATiox  Cystoscope  IX  Position    • 


Fig.  17.  Showixg  Applicatiox  of  Radium  to  the  Tumor 


extremely  slow.  Following  a  fulguration  the  tumor  might  ap- 
pear as  a  charred  mass  and  it  would  seem  certain  that  complete 
destruction  had  been  effected;  yet,  upon  cystoscopy'  ten  days  or 
two  weeks  later,  the  tumor  would  appear  clean,  active  and  of 
approximately  its  original  size.     Repeated  fulguration  met  with 
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the  same  result  although  in  one  of  the  cases,  the  treatment  was 
carried  out  at  two-weekly  intervals  over  a  period  of  six  months 
with  practically  negative  results.  Radium  was  then  applied 
directly  to  the  tumor,  from  200  to  600  mgm.-hrs.  being  given. 
So  far  as  could  be  determined  there  was  little  if  any  cystoscopic 
change  as  a  result  of  the  radiation.     Upon  returning  to  fulgura- 


FiG.  18.  Instrument  fou  the  Tkeatment  of  Anterior  and  Posterior  Wall 

Tumors 


Fig.  19.  The  Instrument  Shown  in  Figure  18  with  the  Beak  Turned  Ready 
for  Application  to  the  Tumor 


Fig.  20.     Application  of  Radium  to  the  Tumor 

tion,  however,  the  response  was  very  prompt,  the  tumor  disap- 
pearing in  one  to  three  treatments. 

The  following  cases  are  examples  of  the  type  of  papilloma  resist- 
ing fulguration,  responding  promptly,  however,  to  this  method 
of  treatment  after  radiation. 
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Case  1.  No.  489^,  aged  72.  Admitted  April  23.  1915,  giving  a  his- 
torj'  of  hematuria  for  several  months.  On  cystoscopic  examination  a 
tumor  about  1  inch  in  diameter  was  seen  back  of  the  right  ureteral  orifice. 
The  tumor  did  not  project  markedly  into  the  bladder,  was  rather  pink 


Fi(,.  21.  Sagittal  Sectiox  of  Bladder  Showing  the  Applicatiox  of  Radium 
TO  A  Tumor  ox  the  Posterior  Wall 

in  color  and  the  papiUae  short  and  stubby.     From  the  cystoscopic  ap- 
pearance alone,  it  was  difficult  to  rule  out  an  early  papillary  carcinoma. 


Fig.  22.  Chart  Showing  Tumor  in  Region  of  Left  Ureteral  Orifice,  the 
Straight  Lines  Each  Indicating  100  Milligram-Hours  Radiation 

From  a  specimen  obtained  with  our  Rongeur,  histological  sections  were 
made  showing  the  ordinary  maUgnant  papilloma  without  infiltration, 
there  being  no  invasion  of  the  axis  of  the  papillae,  the  malignant  changes 
being  confined  to  the  epithelium  alone.  Fulgurations  were  begun  at 
weekl}'  intervals  and  contiuued  over  a  period  of  six  months.  The  tu- 
mor appeared  very  resistant  and  at  Hie  end  of  six  months  it  was  at  least 
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three-fourths  its  original  size.  The  tumor  at  times  was  vigorously  ful- 
gurated so  that  it  appeared  as  a  charred,  blackened  mass,  yet  upon  re- 
turning two  weeks  later  nothing  would  suggest  that  any  treatment  had 
been  carried  out.  Patient  was  then  given  six  applications  of  radium 
of  one  hour  each  (600  mgm.-hrs.)  during  a  period  of  about  eight  weeks. 
In  these  applications  the  fenestrated  capsule  was  used,  thus  utihzing 
both  the  beta  and  gamma  rays.  At  the  end  of  this  treatment,  the  tumor 
appeared  possibly  slightly  smaller  but  the  change  was  not  striking. 
Fulguration  was  then  resumed,  the  tumor  was  thoroughly  charred  and 
when  the  patient  returned  for  examination  ten  days  later  the  cysto- 
scope  showed  the  tumor  had  completely  disappeared.  No  other  treat- 
ment was  given.  Six  months  later  the  patient  died  of  pneumonia. 
Examination  of  the  bladder  post-mortem  showed  no  evidence  of  recur- 
rence ;  the  mucous  membrane  was  smooth  and  section  showed  no  evidence 
of  cancer  and  the  pelvic  organs  were  negative  for  metastasis. 

Case  2.  No.  52U,  aged  71.  Admitted  July  17,  1916.  This  patient 
gave  a  history  of  hematuria  beginning  four  years  before.  Because  of 
marked  bleeding  and  consequent  urinary  difficulty  suprapubic  cyst- 
ostomy  was  done  a  few  months  after  the  onset  symptoms.  At  opera- 
tion a  bladder  tumor  was  found  which  was  treated  frequently  by  ful- 
guration without  result  until  admission  to  the  hospital.  Cystoscopy 
showed  a  large,  lobular,  irregular  tumor  occupying  the  right  lateral 
wall.  The  tumor  was  clean,  there  being  no  areas  of  necrosis  and  the 
adjacent  mucous  membrane  normal.  From  July  18  to  August  3,  pa- 
tient received  four  radiations  to  the  tumor,  totalling  200  mgm.-hrs. 
The  treatment  was  resumed  August  17  and  from  this  time  until  Septem- 
ber 23  five  radiations  totalling  300  mgm.-hrs.  were  given.  Fulgura- 
tion was  then  begun,  the  tumor  disappearing  after  two  applications. 
This  patient  was  last  seen  Febuary  8,  1917,  at  which  time  he  was  entire- 
ly free  from  urinary  symptoms.  Cystoscopy  at  this  time  showed  no 
evidence  of  recurrence. 

Carcinoma  oj  the  bladder.  Our  results  of  radium  treatment 
of  the  infiltrating  type  of  malignant  tumor,  from  a  curative 
standpoint,  are  most  unsatisfactory.  In  our  series  of  thirty 
cases,  in  no  instance  was  there  any  evident  response  to  the  ra- 
dium, nor  so  far  as  we  could  determine  was  fulguration  influenced 
by  preceding  radiation  as  in  the  tumors  just  mentioned.  In  a 
few  instances  hemorrhage  has  been  controlled  and  in  one  case 
with  extensive  involvement  in  the  region  of  the  vesical  orifice 
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there  was  marked  improvement  in  m-ination.  The  application 
of  radium  in  these  cases  has  been  made  directly  to  the  tmnor 
and  in  cases  with  trigonal  and  posterior-wall  involvement  rectal 
radiation  has  been  employed. 

CONCLUSIONS 

The  use  of  radium  in  the  treatment  of  carcinoma  of  the  pros- 
tate and  seminal  vesicles  in  many  cases  has  resulted  not  only  in 
marked  symptomatic  improvement  but  in  definite  reduction  in 
the  size  and  consistence  of  the  tumor.  In  several  of  the  treated 
cases  subsequently  coming  to  operation  it  has  been  possible  to 
secure  prostatic  tissue  for  microscopic  study.  Some  of  the  ade- 
quately treated  tumors  (those  obtaining  from  1200  to  4000  mgm.- 
hrs.)  show  extensive  destruction  of  the  cancer  cells  through- 
out large  areas.  In  other  areas  the  general  architecture  of  the 
tumor  is  altered  and  the  cells  and  nuclei  appear  in  varying  stages 
of  degeneration.  The  histological  change  in  several  of  these 
tumors  is  most  encouraging  and  it  seems  probable  that  radium 
treatment  may  have  a  distinctly  curative  effect  in  some  of  them. 

The  internal  use  of  radium  either  by  urethra  or  bladder  or  by 
rectum,  by  accurate  methods  of  control  and  fixation,  would  seem 
to  be  productive  of  far  better  results  than  the  emplo\Tnent  of 
much  larger  amounts  externally,  the  chief  difficulty  of  the  latter 
method  being  the  greater  distance  between  the  portal  of  appli- 
cation and  the  tumor. 

The  irritating  effect  of  radium,  which  was  formerly  the 
great  objection  to  its  use  in  the  urethra  and  rectum,  can  be 
avoided  by  the  accurate  methods  of  use  which  we  have  introduced 
and  if  the  dose  is  carefully  regulated  and  if  care  is  used  to  avoid 
too  frequent  application  to  any  one  spot.  The  discontinuance 
of  treatment  at  the  first  sign  of  rectal  irritation  cannot  be  too 
strongly  emphasized,  for  if  the  treatment  be  carried  beyond  this 
point  serious  burns  may  result.  Frequent  rectal  examinations 
may  reveal  a  thickened  rectal  mucosa  which  may  be  the  first 
e\-idence  of  irritation.  With  the  onset  of  rectal  irritation  the 
urethral  and  vesical  radiation  may  be  substituted.  The  ure- 
thral and  vesical  mucosa  is  apparently  quite  resistant  to  the  ac- 


534  HUGH   H.    YOUNG   AND   WILLIAM   A.    FRONTZ 

tion  of  radium  and  in  our  series  no  ill  effect  has  been  noted  fol- 
lowing intensive  treatment  from  these  points.  In  these  cases, 
however,  it  is  well  to  mention  that  we  have  always  employed  a 
screen  of  1.5  mm.  of  platinum. 

The  determination  of  a  safe  interval  between  the  disap- 
pearance of  rectal  symptoms  and  the  resumption  of  treatment 
will  vary  with  the  individual  case,  the  severity  of  the  symp- 
toms, their  duration,  the  amount  of  radiation  producing  the 
original  irritation  and  the  character  of  the  rectal  mucosa. 
Cases  having  had  rather  severe  and  prolonged  symptoms 
should  be  held  for  two  to  three  months  before  rectal  treat- 
ment is  resumed.  Where  large  amounts  of  radiation  have  been 
tolerated,  finally  resulting  in  more  or  less  irritation,  the  interval 
between  the  disappearance  of  symptoms  and  the  resumption  of 
treatment  should  be  much  longer  than  in  those  cases  showing 
evidence  of  irritation  after  a  few  hundred  milligram-hours. 

The  results  obtained  in  the  radium  treatment  of  bladder  tumors 
have  been  most  satisfactory  in  the  malignant  papilloma  type 
which  have  failed  to  respond  to  fulguration.  Certain  of  these  cases 
have  resisted  most  stubbornly  the  high  frequency  treatment,  but 
finally  responding  promptly  to  it  after  a  few  hundred  milligram- 
hours  of  radium.  In  our  hands  the  treatment  with  radium  of 
the  infiltrating  types  of  malignant  tumor  has  been  less  encour- 
aging and  in  no  case  in  which  there  was  definite  infiltration  of 
the  bladder  wall,  as  demonstrated  either  by  cystoscopy  or  by 
rectal  palpation,  has  a  cure  been  effected. 

In  radium  we  undoubtedly  have  a  most  potent  agent  capable 
of  producing  marked  changes  in  malignant  tumors  as  shown  both 
by  physical  and  microscopic  examination.  That  some  cases  may 
be  completely  cured  seems  probable,  though  more  time  must 
elapse  before  accurate  final  determinations  can  be  made. 

It  seems  to  be  proven  beyond  doubt  that  close  apposition  of 
radium  to  tumor  is  very  desirable,  and  that  really  marvelous 
absorption  of  infiltration,  disappearance  of  induration  and  reduc- 
tion to  normal  size  and  consistence  may  occur  in  even  extensive 
cases  of  cancer  of  the  prostate  and  seminal  vesicles  by  the  accu- 
rate instrumental  methods  here  employed. 
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PLATE  1 

Fig.  6.  Low  power  view  of  section  of  prostate  (case  1)  showing  degenera- 
tive changes. 

Fig.  7.  High  power  view  of  section  of  prostate  (case  1)  showing  extensive 
destruction  of  cancer  area. 
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PLATE  2 
Fig.  8.  Low  power  view  of  case  2  showing  peculiar  nuclear  changes. 

Fig.  9.  High  power  view  of  area  shown  in  figure  8. 
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PLATE  2 
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PLATE  3 

Fig.  10.  High  power  view  of  section  from  case  4,  showing  one  of  the  small 
areas  of  carcinoma  apparently  unaffected  by  the  treatment. 

Fig.  11.  High  power  view  of  section  of  case  4,   showing  marked  degenera- 
tive changes  seen  through  most  of  the  tumor. 
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A  STUDY  OF  THE  VESICAL  ORIFICE  FOLLOWING 
PERINEAL  PROSTATECTOMY 

ERNEST  M.  WATSON 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

The  readjustment  of  the  musculature  about  the  neck  of  the 
bladder  following  prostatectomy  is  still  somewhat  imperfectly 
understood,  and  it  is  only  during  the  last  ten  years  that  this  phase 
of  prostatic  study  has  received  really  any  attention.  In  fact, 
previous  to  that  time  there  are  scarcely  any  recorded  observa- 
tions upon  the  subject  of  the  resulting  anatomical  conditions 
about  the  vesical  neck  and  prostatic  urethra  following  prosta- 
tectomy. In  recent  years,  however,  when  surgeons  are  taking 
a  much  keener  interest  in  the  ultimate  results  of  their  work,  we 
find  numerous  references  to  the  final  condition  of  the  musculature 
about  the  bladder  orifice  after  operative  interference.  Even 
with  this  added  interest,  the  amount  of  careful  study  upon  the 
subject  is  still  surprisingly  small  and  with  the  exception  of  the 
work  of  Hyman  in  1914  on  the  changes  at  the  bladder  outlet  fol- 
lowing suprapubic  prostatectomy,  there  is  practically  no  adequate 
study  of  the  subject. 

Wallace  (1)  in  1907,  quoting  Thompson  Walker,  who  examined 
a  case  two  years  after  suprapubic  prostatectomy,  states. 

In  this  instance  a  cavity,  the  size  of  a  hazel  nut,  remained  at  the 
site  of  the  prostatectomy.  Thompson  Walker  considered  that  the 
internal  sphincter  in  this  case  had  remained  dilated  and  consequently 
hardly  likely  to  perform  its  function  as  a  sphincter. 

Freyer  (2)  in  1908  in  the  report  of  an  autopsy  on  a  patient  dy- 
ing twenty-two  days  after  suprapubic  prostatectomy  found  the 
posterior  urethra  funnel-shaped  and  continuous  with  the  bladder 
cavity,  the  bladder  really  terminating  in  the  region  of  the  triangu- 
lar ligament  at  the  compressor  urethrae  muscle. 
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Wallace  and- Page  (3)  in  1911  show  a  cystogram  taken  after 
the  injection  of  a  suspension  of  bismuth  into  the  bladder  of  an 
individual  who  had  had  a  suprapubic  prostatectomy.  From 
their  description  the  plate  "shows  the  bladder  cavity  continuous 
with  the  cavity  from  which  the  prostatic  adenoma  was  removed." 
They  state  that  the  adenomatous  hypertrophy  of  the  prostate 
frequently  pushes  aside  and  stretches  the  internal  sphincter  to 
the  extent  of  rendering  it  probably  useless,  and  that  after  its  re- 
moval suprapubically  ''the  sphincter  remains  a  patent  ring." 
They  further  add  that  cystoscopic  examination  through  the 
supra-pubic  wound  sometime  after  prostatectomy  has  frequently 
shown  a  small  pouch  still  present  at  the  site  from  which  the 
hypertrophied  lobes  were  removed. 

Wade  (4)  in  1914  in  an  extensively  illustrated  article  shows 
several  photo-micrographs  of  cross  sections  of  the  vesical  neck 
and  prostatic  cavity  made  from  autopsy  specimens  removed 
sometime  after  suprapubic  prostatectomy.  In  these  the  internal 
vesical  sphincter  has  remained  dilated.  He  states  that  when  the 
prostate  possesses  the  gross  structure  and  relationships  of  the 
normal  organ,  its  suprapubic  removal  necessitates  the  division 
of  the  internal  vesical  sphincter. 

Hyman  (5)  in  1914  presented  a  very  comprehensive  study  of 
the  normal  bladder  and  its  sphincters  and  particularly  the  changes 
that  were  brought  about  at  the  orifice  following  suprapubic  pros- 
tatectomy. His  work  was  done  by  means  of  radiographs  taken 
of  the  normal  bladder  and  of  the  bladders  in  cases  of  prostatic 
hypertrophy  before  and  at  varying  intervals  after  operation. 
In  his  work  he  used  a  5  per  cent  solution  of  collargol,  introduced 
into  the  bladder  through  a  catheter  which  was  withdrawn  before 
the  radiograph  was  taken.  In  all  of  his  normal  bladders  the 
internal  sphincter  was  found  to  be  the  point  of  closure.  This 
was  also  the  case  in  prostatic  hypertrophy  previous  to  operation. 

Of  thirty-eight  cases  studied  after  suprapubic  prostatectomy, 
Hyman  found  that  twenty-eight  showed  two  distinct  cavities, 
the  bladder  cavity  and  continuous  with  it  the  one  resulting  from 
the  removal  of  the  adenomatous  portion  of  the  prostate.  A  few 
of  the  remaining  showed  only  a  very  slight  funnel  formation  in 
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the  region  of  the  prostatic  urethra  continuous  with  the  bladder 
cavity  and  the  rest  showed  no  change  from  the  normal.  He  con- 
cluded that  the  internal  sphincter  marked  the  site  of  closure  in 
the  normal  bladder  and  also  in  the  bladder  of  prostatic  hyper- 
trophy. After  suprapubic  prostatectomy,  however,  the  external 
sphincter  or  compressor  urethrae  forms  the  point  of  bladder  clos- 
ure in  the  majority  of  cases,  the  internal  sphincter  or  normal 
closing  muscle  of  the  bladder  having  been  destroyed  or  rendered 
useless  by  operation.  He  further  concluded  that  the  interval 
after  operation  made  no  difference  in  the  relaxed  condition  of 
the  internal  sphincter. 

In  view  of  the  almost  uniform  dilatation  of  the  internal  sphinc- 
ter following  suprapubic  prostatectomy,  it  seemed  interesting 
to  investigate  the  condition  of  this  region  following  the  opera- 
tion by  the  perineal  route.  For  this  study  twenty-five  cases 
were  taken  at  random  from  the  clinic  of  The  James  Buchanan 
Brady  Urological  Institute  and  from  the  private  practice  of  Dr. 
Hugh  H.  Young.  The  operation  in  every  instance  has  been 
the  Young  conservative  perineal  prostatectomy  (6) . 

The  study  of  the  vesical  orifice  was  made  in  these  cases  by 
means  of  cystograms  taken  at  varying  periods  after  operation, 
i.e.,  three  weeks  to  thirteen  years.  These  were  made  after  filling 
the  bladder  with  a  ten  per  cent  thorium  solution  as  recommended 
by  Burns  (7).  It  has  been  possible  from  these  radiographs  to 
study  the  bladder  online,  particularly  the  region  of  the  prostatic 
orifice,  for  evidence  of  dilatation  as  shown  by  the  escape  of  thor- 
ium into  the  posterior  urethra. 

In  the  study  of  twenty-five  cases,  in  no  instance  did  the  internal 
sphincter  remain  permanently  dilated  and  it  seems  probable  that 
following  perineal  prostatectomy,  the  musculature  about  the 
vesical  orifice  becomes  readjusted  in  the  vast  majority  of  cases. 
This  occurs  in  some  instances  as  early  as  the  third  week  after 
operation  and  probably  remains  so  throughout  life,  as  sho\vn  in 
one  of  the  cases  in  which  the  internal  sphincter  was  functioning 
normally  thirteen  years  after  operation. 

One  very  interesting  case  in  the  series  was  incontinent  for 
twenty  months  after  operation,  the  cystogram  showing  definite 
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dilatation  of  the  internal  sphincter  after  fourteen  months.  At 
the  end  of  twenty  months  the  patient  regained  urinary  control 
and  the  cystogram  revealed  an  internal  sphincter  tightly  closed. 
Referring  to  the  operative  note  of  this  case,  the  prostatic  orifice 
lay  very  deep,  and  to  facilitate  the  removal  of  a  very  adherent 
median  lobe,  the  margins  of  the  orifice  were  grasped  with  clamps, 
and  the  structure  pulled  into  the  wound.  The  trauma  produced 
by  this  procedure  very  probably  explains,  partially  at  least,  the 
long  continued  incontinence.  It  is  interesting,  however,  to  note 
that  even  after  twenty  months  there  was  complete  rest  ration 
of  function. 

From  the  early  work  of  Rehfish  (8),  who  first  demonstrated 
that  the  internal  sphincter  marked  the  normal  closing  point  of 
the  bladder,  and  also  from  the  contributions  of  Born  (9),  Kohl- 
rausch  (10),  Barkow  (11),  and  Henle  (12),  and  the  more  recent 
observations  of  Volcker  and  Lichtenberg  (13),  Leedham-Greene 
(14),  Barringer  and  MacKee  (15),  Uhle  (16)  and  Hyman,  it  has 
been  well  established  that  the  point  of  closure  in  the  normal 
bladder,  even  when  under  great  distention,  is  at  the  internal 
sphincter.  However,  it  is  a  well  known  fact  that  the  internal 
sphincter  can  be  removed  or  destroyed  without  resulting  in  incon- 
tinence. 

This  has  been  demonstrated  by  Young  (17)  in  cases  in 
which  the  neck  of  the  bladder  and  entire  prostate  have  been 
resected  for  malignant  disease.  The  destruction  of  the  internal 
sphincter  in  some  cases  or  suprapubic  prostatectomy  has  also 
proven  this  point.  Cecil  (18),  in  an  excellent  presentation  of  the 
subject;  has  recently  given  us  a  very  comprehensive  review  of 
the  factors  concerned  in  the  mechanism  of  bladder  closure.  He 
concludes  that  either  the  external  or  internal  sphincter  may  be 
destroyed  without  interfering  with  the  function  of  retention  of 
urine,  providing  the  remaining  muscle  is  in  a  normal  condition. 

The  whole  question  of  whether  the  closure  of  the  bladder  takes 
place  at  the  internal  sphincter  or  external  sphincter  may  seem 
to  be  rather  a  minor  matter,  particularly  if  perfect  urinary  con- 
trol exists.  However,  after  operations  about  the  vesical  orifice, 
if  the  internal  sphincter  can  be  restored  to  its  normal  function, 
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such  a  result  is  surely  more  desirable,  for  in  such  a  case  the  possi- 
bility of  incontinence  is  definitely  eliminated.  Furthermore  in 
the  event  of  dilatation  of  the  internal  sphincter,  the  prostatic 
urethra  becomes  practically  a  part  of  the  bladder  cavity.  Ejacu- 
lation therefore  occurs  into  the  bladder,  thus  diminishing  if  not 
entirely  preventing  the  possibility  of  fertihzation. 

From  the  observations  of  Wallace  and  Hyman  it  has  been 
shown  that,  in  most  cases  of  suprapubic  prostatectomy,  the  in- 
ternal sphincter  is  so  damaged  that  it  is  useless  as  a  sphincter 
muscle  and  thereafter  the  external  sphincter  forms  the  closing 
p>oint  of  the  bladder.  Following  this  operation,  there  is  usually 
no  incontinence  and  the  external  sphincter  is  apparently  ade- 
quate for  a  condition  of  perfect  urinary  continence. 

The  part  played  by  the  internal  and  external  sphincters  and 
also  by  the  unstriped  intrinsic  musculature  of  the  posterior  ure- 
thra situated  between  the  two  with  their  inter-relations  is  not 
as  yet  clearly  known.  The  intrinsic  muscles  of  the  urethra, 
while  not  usually  accorded  much  clinical  significance,  are  proba- 
bly quite  important.  They  are  very  definite  structures,  involun- 
tary in  type,  and  situated  for  the  most  part  along  the  prostatic 
and  membranous  urethra.  They  are  derived  from  the  muscula- 
ture of  the  trigone  and  consist  of  two  layers,  (1)  an  inner  longi- 
tudinal, (2)  and  an  outer  circular  layer.  The  former,  which 
is  very  thin  but  more  widely  distributed,  can  be  traced  from  the 
scattered  longitudinal  fibers  of  the  trigone  do\Mi  beneath  the  in- 
ternal sphincter  as  far  as  the  openings  of  the  ducts  from  Cowper's 
glands.  The  outer  coat  arises  from  the  circular  layer  of  the  tri- 
gone, continuing  as  far  as  the  termination  of  the  membranous 
urethra.  The  latter  are  more  munerous  than  the  longitudinal 
fibers  and  at  the  vesical  orifice  are  massed  into  a  circular  band 
several  layers  thick.  Both  of  these  layers  are  of  the  variety  of 
smooth  muscle  and  are  innervated,  together  with  the  internal 
sphincter  itself,  by  branches  from  the  prostatic  and  cavernous 
plexuses  through  the  hypogastric  plexus,  inferior  mesenteric  gan- 
ghon  and  ganglia  of  the  sympathetic.  The  external  sphincter,  on 
the  other  hand,  is  a  voluntary  muscle,  innervated  by  branches  of 
the  internal  pudic.     It  consists  chiefly  of  fibers  arranged  in  cir- 
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cular  form  lying  between  the  layers  of  the  triangular  ligament 
but  a  few  strands  originate  at  the  apex  of  the  prostate  and  scant- 
ily surround  the  membranous  urethra. 

Normally  the  involuntary  muscles  about  the  vesical  orifice, 
namely  the  internal  sphincter  forms  the  point  of  bladder  closure. 
After  destruction  of  the  internal  sphincter  however  incontinence 
does  not  always  result.  It  is  hardly  conceivable  that  the  exter- 
nal sphincter  which  is  purely  a  voluntary  muscle  explains  the 
ability  to  retain  urine  in  these  cases  and  it  is  probable  that  the 
remaining  intrinsic  musculature  of  the  prostatic  and  membranous 
urethra  plays  a  very  definite  role  in  preserving  this  function.  The 
rare  cases  of  incontinence  following  suprapubic  prostatectomy 
are  probably  instances  where  in  addition  to  destruction  of  the 
internal  sphincter,  so  much  of  the  urethra  has  been  injured  as 
to  render  useless  its  involuntary  musculature. 

The  cystoscopic  changes  in  tabes  dorsalis  together  with  the 
clinical  picture  presented  would  seem  to  afford  another  illustra- 
tion of  the  important  role  played  by  these  intrinsic  muscles. 

This  disease  involving  as  it  does  the  dorsal  columns  of  the 
cord,  destroys  the  nerves  innervating  smooth  muscle,  in  other 
words,  the  sympathetic  fibers.  The  dilated,  atrophic,  trabecu- 
lated  bladder  with  a  small,  flat  trigone  and  ureteral  openings 
that  fail  to  contract  on  functioning  form  a  well  known  picture. 
At  a  relatively  early  period  of  the  disease  there  is  a  definite  in- 
volvement of  the  internal  sphincter  causing  a  relaxation  at  the 
vesical  orifice.  This  is  of  varying  extent  according  to  the  de- 
gree of  nervous  involvement.  At  first  there  is  only  slight  dila- 
tation of  the  vesical  sphincter,  the  posterior  urethra  being  nor- 
mal and  with  this  slight  dilatation  there  is  practically  never  in- 
continence. From  this  initial  stage  there  are  varying  degrees 
of  involvement  extending  to  the  prostatic  urethra  destroying 
more  and  more  fibers  innervating  the  intrinsic  musculature  until 
a  funnel-shaped  posterior  urethra  is  the  result.  This  shows 
involvement  of  practically  all  the  nerves  to  the  involuntary  in- 
trinsic muscles,  which  condition  always  results  in  incontinence. 
The  stages  between  these  two  pictures  may  give  a  varying  de- 
gree of  continence  depending  upon  the  degree  of  involvement 
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of  the  internal  sphincter  and  intrinsic  muscles  of  the  posterior 
urethra  and  not  on  the  involvement  of  the  internal  sphincter 
alone.  In  this  disease  the  motor  nerves  are  uninvolved  and  the 
innervation  of  the  external  sphincter  through  branches  of  the  in- 
ternal pudic  is  unharmed,  though  with  this  muscle  normally 
innervated  it  would  not  seem  to  be  sufficient  to  give  urinary 
control  when  all  the  involimtary  fibers  posterior  to  it  are 
destroyed. 

Following  perineal  prostatectomy,  the  point  of  bladder  closure 
is  at  its  normal  site  in  every  instance,  i.e.,  the  internal  sphincter. 
This  returns  to  normal  in  some  cases  less  than  one  month  after 
operation  and  even  earfier  judging  from  the  cfinical  evidence  of 
urinary  continence  of  one  to  two  hours  duration  a  few  days  after 
perineal  prostatectomy  when  an  external  urethrotomy  has  been 
performed  in  the  membranous  urethra,  back  of  the  external 
sphincter. 

In  those  cases  of  incontinence  following  perineal  prostatectomy 
the  internal  sphincter  has  always  been  injured  either  as  the  re- 
sult of  long  standing  distension  by  greatly  hypertrophied  lobes 
or  at  the  time  of  operation.  This  however  is  insufficient  to  ac- 
count for  the  condition  and  it  would  seem  that  the  external  ure- 
throtomy with  its  varying  amount  of  damage  to  the  intrinsic 
involuntary  musculature  of  the  membranous  urethra  coupled 
with  the  destruction  of  the  intrinsic  prostatic  and  internal  sphinc- 
ter muscles  is  the  anatomical  explanation  of  these  cases.  In 
such  cases  the  external  sphincter  may  be  destroyed  though  the 
question  of  continence  would  seem  to  rest  on  the  preservation 
of  the  involuntary  muscle  fibers. 

SUMMARY 

1.  Following  a  perineal  prostatectomy  the  internal  sphincter 
returns  to  normal  in  practically  every  instance.  This  usually 
occurs  in  a  period  of  a  few  weeks  as  demonstrated  by  thorium 
cystograms. 

2.  The  internal  sphincter  may  return  to  normal  even  when 
dilated  for  a  period  of  over  a  year. 
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•  I  desire  to  thank  Dr.  Hugh  H.  Young,  director  of  the  James 
Buchanan  Brady  Urological  Institute  for  permission  to  use  the 
material  herewith  presented,  also  for  his  stimulating  interest 
and  criticism  during  this  study,  and  Dr.  Charles  A.  Waters  of 
the  Department  of  Roentgenology  for  his  assistance  and  co- 
operation in  taking  the  X-ray  plates. 
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PLATE   1 

Fig.  1.  Cystogram  taken  three  weeks  after  operation.  Shows  the  bladder 
shadow  round  outline  with  margins  regular.  The  vesical  orifice  is  regular  and 
shows  no  dilatation  of  the  internal  sphincter. 


A  STUDY  OF  THE  VESICAL  ORIFICE 

ERNEST  M.  WATSON 


PLATE  1 


Fig.  1 


553 


PLATE   2 

Fig.  2.  Cystogram  taken  fourteen  months  after  operation.  The  internal 
sphincter  is  dilated  and  posterior  urethra  is  funnel-shaped  as  shown  by  the 
escape  of  the  Thorium  solution  into  the  prostatic  urethra.  A  later  cystogram 
of  this  patient  twenty  months  after  operation  shows  the  internal  sphincter 
tightly  closed,  demonstrating  that  the  internal  orifice  may  return  to  normal 
even  after  a  considerable  interval  of  relaxation  (see  fig.  8). 
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PLATE  3 

Fig.  3.  Cystogram  taken  twenty  months  after  operation.  The  region  of  the 
orifice  is  sharply  delineated  and  shows  no  evidence  of  dilatation  of  the  internal 
sphincter.  In  a  cystogram  of  this  patient  taken  fourteen  months  after  opera- 
tion the  internal  sphincter  was  found  dilated  (see  fig.  2). 
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A  NEW  METHOD  FOR  LOCATING  SMALL  CALCULI 
IN  THE  KIDNEY  AT  OPERATION 

J.  EDWARD  BURNS 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

Large  calculi  which  are  readily  palpable  through  the  renal 
cortex  or  renal  pelvis  are  quite  easily  removed  at  operation,  either 
by  pyelotomy  or  nephrotomy,  pro\dded  there  be  a  good  exposure 
and  delivery  of  the  kidney  into  the  wound.  In  the  case  of  small 
calculi  it  is  quite  difficult  to  locate  them  because  they  cannot  be 
palpated  and  often  even  after  the  kidney  is  split  from  end  to  end 
the  stone  is  not  found  because  it  does  not  lie  in  the  line  of  cleavage. 
This  splitting  of  the  kidney  is  usually  done  near  the  midline  and 
if  the  stone  lie  to  either  side  it  is  often  as  diflEicult  to  locate 
it  by  palpation  as  it  was  before  opening  the  kidney.  The 
location  of  the  stone  then  involves  quite  a  great  deal  of  mutila- 
tion of  the  renal  parenchyma.  This  in  itself  not  only  causes  a 
certain  degree  of  irreparable  damage  to  the  renal  parenchyma 
but  necessitates  the  employment  of  numerous  mattress  sutures 
in  the  closure  of  the  kidney,  which  in  themselves  are  damaging 
to  the  secreting  portion  of  the  kidney  tissue.  Splitting  the  kid- 
ney also  increases  very  markedly  the  possibility  of  post-operative 
hemorrhage.  Probing  the  kidney  tissue  either  before  spUtting 
the  kidney  or  afterwards  when  it  is  done  with  no  definite  idea  as 
to  the  location  of  the  stone  is  also  very  damaging. 

The  procedure  which  I  am  about  to  describe  has  been  found 
extremely  valuable  in  the  location  of  very  small  stones  in  the  kid- 
ney substance.  Some  as  small  as  0.5  cm.  in  diameter  have  been 
located  without  difficulty.  The  requisites  for  success  in  this 
procedure  are  a  good  exposure  of  the  kidney  and  a  satisfactory 
delivery  of  it  into  the  wound.  It  must  be  freed  from  the  sur- 
roimding  fatty  capsule  so  that  it  can  be  easily  lifted  up  and 
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grasped  between  the  thumb  and  fingers  of  the  left  hand.  Fur- 
ther it  is  essential  to  have  satisfactory  Roentgenograms  in  which 
the  outUne  of  the  kidney  is  clearly  seen  as  well  as  the  shadow  of 
the  stone.  The  operator  must  make  the  measurements  on  the 
kidney  surface  as  accurate  as  possible  so  that  the  point  at  which 
the  kidney  is  to  be  probed  shall  lie  directly  in  line  with  the  stone. 
The  operation  for  exposure  of  the  kidney  is  the  same  as  is  em- 
ployed in  exposing  the  kidney  for  nephrectomy,  nephrotomy  or 
pyelotomy.  The  skin  incision  usually  employed  begins  just 
behind  the  tip  of  the  twelfth  rib  and  extends  parallel  to  the  costal 
margin  for  a  distance  of  15  to  20  cm.  The  fascia  and  muscles 
are  then  divided  by  sharp  dissection.  The  lumbar  triangle  is 
exposed  and  pierced  with  a  blunt  clamp,  after  which  the  lemon 
yellow  fat  surrounding  the  kidney  protrudes.  This  opening  is 
then  enlarged  and  the  kidney  freed  from  its  surrounding  fatty 
capsule  and  delivered  into  the  wound.  In  freeing  the  kidney 
great  care  should  be  exercised  in  ligating  any  adhesions  which 
may  exist  between  it  and  the  surrounding  tissue  before  dividing 
them  because  of  the  fact  that  aberrent  vessels  are  often  present 
at  either  pole  of  the  kidney.  After  complete  hemostasis  the 
kidney  is  delivered  into  the  wound,  and  its  upper  portion  is 
grasped  between  the  thumb  and  fingers  of  the  left  hand  as  shown 
in  figure  1.  The  plain  Roentgenogram  is  then  examined  and  by 
means  of  a  straight  liver-needle  or  a  fine  probe  the  operator  meas- 
ures off  the  distance  from  the  shadow  of  the  stone  to  the  border 
of  the  lower  pole  of  the  kidney  (the  upper  pole  if  the  stone  be 
located  in  this  region).  The  point  of  the  needle  should  coincide 
with  the  center  of  the  shadow  of  the  stone,  and  the  needle  should 
be  so  grasped  that  the  edge  of  the  thumb  will  be  on  a  line  with 
the  shadow  of  the  lower  border  of  the  kidney  (fig.  2).  This 
measurement  is  then  transferred  to  the  surface  of  the  kidney  and 
the  thumb  of  the  left  hand  moved  down  to  the  point  indicated 
by  the  end  of  the  needle  and  held  in  this  position.  The  same 
method  is  then  employed  in  mapping  out  the  distance  of  the  stone 
from  the  convex  border  of  the  kidney,  as  shown  in  figure  3.  These 
two  points  should  coincide  {A  in  fig.  1).  Now  if  the  liver  needle 
be  inserted  perpendicular  to  the  surface  of  the  kidney  at  this 


NEW  METHOD  FOR  LOCATING  CALCULI  IN  THE  KIDNEY        561 

point  it  should  in  its  passage  through  the  kidney  come  in  contact 
with  the  stone.  In  other  words,  the  stone  Ues  in  a  line  drawn 
perpendicular  to  the  surface  of  the  kidney  at  a  point  indicated 
by  intersection  of  these  two  lines  measured  ofif  on  the  Roentgeno- 
gram (fig.  4). 


Needle  probing 
for  Stone 


Fig.  4 


After  the  stone  has  been  definitely  located  by  this  means, 
usually  by  one  attempt,  the  liver  needle  is  withdrawn  and  a  clamp 
introduced  into  the  opening  made  by  it,  the  blades  separated 
slightly,  and  the  stone  grasped  and  removed.  One  chromic  gut 
mattress  suture  is  usually  sufficient  to  close  this  opening.  The 
kidney  is  returned  to  its  usual  position  and  two  drains  (a  cigarette 
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and  a  rubber  tube)  placed  down  to  the  opening  into  the  kidney. 
The  wound  is  then  closed  in  the  usual  manner.  The  cigarette 
is  removed  in  forty-eight  hours  and  the  tube  is  allowed  to  remain 
in  position  as  long  as  there  is  any  urinary  drainage.  It  is  best 
to  suture  the  tube  to  the  skin  in  order  to  be  sure  that  its  position 
will  not  be  disturbed  in  the  closure  of  the  wound. 

This  method  cannot  be  employed  unless  the  Roentgenograms 
are  sufficiently  clear  to  give  a  good  outhne  of  the  kidney  as  well 
as  of  the  stone.  It  is  well  known  that  the  height  of  the  X-ray 
tube  above  the  patient  may  cause  some  apparent  difference  in 
the  distance  of  the  shadow  of  the  stone  from  the  border  of  the 
kidney,  but  this  has  not  been  of  sufficient  degree  to  cause  any 
practical  difficulty  in  the  use  of  the  method.  Another  fact  is 
that  the  plane  of  the  kidney  is  not  parallel  with  the  surface  of 
the  X-ray  plate  but  makes  an  acute  angle  with  it.  This  too, 
has  not  caused  any  difficulty  in  the  location  of  calculi  by  this 
method.  The  X-ray  tube  should  be  centred  directly  over  the 
midline  of  the  patient.  Often  the  stone  may  lie  at  the  extreme 
upper  angle  of  a  small  calyx  in  which  case  its  position  is  readily 
demonstrated  by  a  pyelogram.  If  this  be  true  it  is  often  impossi- 
ble to  remove  such  a  stone  through  the  usual  pyelot  my  incision 
and  it  can  be  much  more  readily  removed  by  this  method.  Of 
course 'it  must  be  absolutely  ascertained  that  the  calculus  lies 
in  the  kidney  and  that  the  shadow  on  the  plate  is  not  an  extra- 
renal shadow  before  any  operative  procedure  is  undertaken. 
This  is  readily  done  by  means  of  pyelograms  and  stereoscopic 
plates. 

Great  care  should  be  taken  in  making  the  measurements  on  the 
surface  of  the  kidney  because  as  is  readily  seen  any  slight  devia- 
tion of  the  point  at  which  the  kidney  surface  is  probed  might  be 
sufficient  to  cause  the  probe  to  pass  to  the  side  of  a  very  small 
stone.  This  would  usually  be  due  to  moving  the  kidney  either 
from  one  side  to  the  other  or  tilting  it  with  the  left  hand  while 
the  measurements  are  being  mapped  out.  If  the  stone  should 
be  missed  on  the  first  insertion  of  the  probe  it  is  not  necessary 
to  withdraw  the  probe  entirely  but  only  to  withdraw  it  a  short 
distance  and  change  very  slightly  the  angle  of  introduction. 


NEW  METHOD  FOR  LOCATING  CALCULI  IN  THE  KIDNEY        563 

This  complication  is  not  apt  to  happen  if  the  operator  is  quite 
certain  that  the  inserting  probe  is  perpendicular  to  the  siu-face 
of  the  kidney. 

SUMMARY. 

This  method  prevents  entirely  the  great  mutilation  and  de- 
struction of  kidney  tissue  so  often  seen  when  an  ordinary  nephrot- 
omy is  done  and  in  consequence  renders  the  operation  less  dan- 
gerous to  the  patient  and  a  far  more  satisfactory  procedure  to 
the  operator.  The  position  of  the  stone  being  calculated  along 
mathematical  lines  it  should  be  located  with  almost  absolute  pre- 
cision. In  the  four  cases  in  which  the  method  has  been  used  the 
patient  has  made  a  prompt  and  uneventful  recovery,  and  the 
kidney  function  as  tested  by  the  phthalein  excretion  has  not  been 
impaired. 


PLATE  1 

Fig.  1.   Showing  method  of    applying   measurements  to   kidney  surface  for 
locating  point  (a)  at  which  exploratory  puncture  is  made. 
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PLATE  1 


565 


PLATE  2 

tt'iG.  2.  Showing  method  of  measuring  distance  from  lower  pole  to   shadow 
of  stone. 
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PLATE  2 
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PLATE  3 

Fig.  3.  Showing  method  of  measuring  distance  from  convex  border  to  shadow 
of  stone. 
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A  NOTE  ON  INJECTIONS  OF  PAPAVERIN  IN  EXPERI- 
MENTAL SYPHILIS 

DAVID  I.  MACHT  and  MATHEW  A.  REASOXER 

From  the  Pharmacological  Laboratory  and  the  J.  B.  Brady  Urological  Institute, 

Johns  Hopkins  University,  and  the  Pathological  Laboratory, 

Army  Medical  School,  Washington 

The  protozoooidal  properties  of  emetin  are  well-known  and 
have  established  its  value  as  a  distinct  therapeutic  agent  in  vari- 
ous pathological  conditions  more  especially  in  the  treatment  of 
amoebic  dysentery.  Recent  work,  however,  by  Vedder  (1), 
Rowntree  and  Levy  (2),  and  others,  has  showTi  that  this  alkaloid 
is  not  devoid  of  toxic  properties  for  the  host,  and  serious  poison- 
ings have  been  reported  following  its  administration.  A  search 
has  therefore  been  made  for  other  drugs  which  could  take  its 
place  equally  efficiently  but  with  less  danger  to  the  patient. 

Pick  and  Wasicky  (3)  noted  the  close  chemical  relationship 
between  emetin  and  the  opimn  alkaloid  papaverin  and  in  1914 
these  authors  published  a  comparative  study  of  the  toxicity  of 
these  two  drugs  for  various  protozoa,  more  especially  the  Para- 
mecium, Colpidium,  Amoeba,  and  Trypanosoma  Brucei  (Naga- 
na).  They  found  that  papaverin  was  more  toxic  for  Amoeba 
than  emetin,  and  was  surpassed  in  that  respect  only  by  quinin. 

]\Iacht  and  Fisher  (4)  made  a  further  study  of  the  subject  and 
investigated  the  efifect  on  Paramecium  of  all  the  principal  alka- 
loids of  opium.  They  found  that  the  protozoocidal  properties 
characterized  those  alkaloids  which  belonged  to  the  benzyl-iso- 
quinoline  group  only,  and  on  further  pharmacological  analysis 
these  authors  showed  that  the  toxic  part  of  the  papaverin  mole- 
cule is  to  be  attributed  to  the  benzyl  grouping  present  in  it. 

Inasmuch  as  papaverin  has  been  shown  to  be  but  little  toxic 
for  the  higher  animal  organism  and  is  at  the  same  time  quite  toxic 
for  protozoa  in  \'itro,  it  was  deemed  very  desirable  to  inquire 
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into  its  possible  effects  on  spirochaetae  in  the  body,  and  accord- 
ingly the  present  investigation  was  begun.  Owing  to  the  entrance 
of  the  United  States  into  the  World  War  the  research  was  not 
carried  to  the  extent  originally  planned.  Enough  data  were 
however  accumulated  to  enable  the  authors  to  pass  judgment  on 
the  effect  of  papaverin  on  experimental  lues,  and  these  are  pre- 
sented in  the  present  paper. 

METHOD 

Two  series  of  experiments  were  carried  out,  with  three  animals 
in  each.  In  the  first  series  two  rabbits  with  fully  and  well-de- 
veloped testicular  chancres,  and  one  rabbit  with  a  well-developed 
testicular  lesion  produced  by  the  spirochete  of  Framboesia — an 
organism  morphologically  indistinguishable  from  that  of  Syph- 
ilis— were  given  daily  injections  of  a  solution  of  papaverin  hydro- 
chloride, and  the  effect  on  the  course  of  the  lesions  was  noted. 
The  injections  were  given  intravenously  and  continued  for  three 
weeks,  the  average  daily  dose  being  about  15  mgm. 

In  the  second  series  three  normal  rabbits  were  inoculated  with 
a  virulent  culture  of  Spirochaeta  pallida  taken  from  luetic  ani- 
mals in  the  laboratory  and  the  injections  of  papaverin  were  be- 
gun at  once  without  waiting  for  the  development  of  the  luetic 
lesions,  in  order  to  determine  whether  the  drug  would  have  any 
prophylactic  value  and  prevent  the  development  of  the  testicular 
lesions  ordinarily  noted  after  inoculating  with  that  particular 
strain.  The  dosage  in  this  series  was  the  same  as  in  the  first, 
and  the  injections  were  also  continued  for  three  weeks. 

RESULTS 

The  prolonged  and  repeated  injections  of  papaverin  produced 
in  no  case  any  toxic  symptoms  of  a  serious  nature,  thus  confirming 
the  experiences  on  the  low  toxicity  of  the  alkaloid  already  noted 
by  one  of  the  authors  (5). 

In  the  first  series  of  experiments,  no  influence  on  the  course 
of  the  disease  and  no  effect  on  the  lesions  could  be  noted. 
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in  the  second  series  of  expieriments,  likewise,  no  effect  on  the 
development  of  the  disease  or  on  the  development  of  the  lesions 
was  noted.  Two  of  the  three  inoculated  animals  developed  typi- 
cal testicular  lesions  as  usual,  the  third  was  not  affected.  This 
however  frequently  happens. 

The  results  of  the  investigation  may,  therefore,  be  briefly 
stated  as  foUows:  Injections  of  papaverin  have  no  appreciable 
effect  on  the  course  of  spirochaetic  testicular  lesions  in  rabbits; 
nor  have  they  any  influence  on  the  development  of  the  disease 
even  when  administered  simultaneously  with  the  inoculation  of 
the  luetic  material. 
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